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PREFACEK

This volume makes no pretense ol heing either complete
or perfect.  All that it pretends to do is to make it pos-
sible for certain groups ol students of one or another
aspeet of medicine to get a bird’s-eve view of the proh-
lems of pathology, and of the methods of discase. '

There is a rapidly growing need among the students of
dentistry for something more than the often \upmh('m] )
and somewhat disconnected accounts of the hasie prin- -
ciples of their art. More and more the dentist is realizing
that hix problems and those ol the physician are very
close together: so close that it xeems that dentistry will
no longer be looked upon as essentially separate from
medicine and surgery.  There s, then, every reason why
the dentist should be provided with a svstematic treatise,
which, while it ix not applied specifically to his work, will
form a bhasis for closer relationships with hix lellow stu-
dents in medicine.

P Go W

Cineinnati. Ohio.
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FUNDAMENTALS OF PATHOLOGY

CITAPTER I
INTRODUCTION.

It ix of course realized that the body is a composite
organisn, i. c¢., that it is composed of organs, and that
the organs are composed ot cells. It follows from this
that the various functions of the body depend upon the
activities of the cells.  As Guyer has expressed it, ¢ Fv-
cry biological manifestation of function and process
from the flow of thought to the pathology of cancer re-
solves itself 1 last analysis into a problem of the liv-
ing cell.” Tt is exaetly the same with us whether we
deal with a single cell like a bacterium or an ameha, an
organ like the liver or the whole human body, with this
exception,—that in the first cases we deal with single
cells which constitute the whole organism, while in the
Iatter cases we deal with groups of cells—cells which
act together in harmony.

Fven in the smallest of the unicelular organisms the
cell hody ix not homogeneous but shows certain strue-
tures which are known as primitive organs,  In some
cages we recognize only a nucleus: sometimes not even
that. In other cases, we find other things than the
nucleus, lor mmstance, a contracting vacuole, which is
an excretory organ.  These organs are parts of the cell
body which have heen differentiated Trom the rest of
the protoplasm and =et apart to do certain specific things,
The evtoplasm, for instance, may he largely responsible
for the ingestion and axsimilation of food, while the

17



18 FUNDAMEXNTALS O PATHOLOGY

nucleus has rather to do with functions of reprodue-
tion and growth.

These primitive organs therefore play a part in the
lower organisms which the more complex organs play
im the human,  They are parts of the living organism
which perform certain tasks which no other part can
do =0 well, and often cannot do at all.  They are not,
lhowever, independent of the body as a whole but are
carelully coordinated in the organism and depend for
their activities upon oue another. Remove the nueleus
frem a cell and that cell no longer grows.  Remove the
liver from the man and he dies.  In the lower organisms
the correlation is relatively simple. In the higher forms
ol life it becomes more and more complicated as the
conditions of Tife become more and more complex.

So long as the coordination remains relatively undis-
turbed, i. e, not affected bevond certain Limits, health
results<.  When these limits are passed, disease is pro-
duced.  Health then depends upon cellular and organie
coordination: disease upon lack ol coordination.

In the lower forms of life, ax in the ameha, the cor-
relation between different parts of each cell 1x the im-
portant thing. Tn more advanced Forms, it exists he-
tween cells. In the still higher forms, groups ot cells
are involved.  Such groups of cells may form large or-
cans ax, Tor imstance, the liver, or pancreas, or, on the
other hand, may be merely a part o an anatomical or-
can ax ilastrated i the medulla of the adrenal or the
cells ol the respiratory center,

The cells of the hody are composed, we are told, of
protoplasnn. The protoplasm ix divided according to its
varving chemical structure into evtoplasm and nueclear
material, Both arve albuminous in constitution.  Besides
these substances there are others which also are present
in all colls: Tor instance, Fats, lipolds (such as choles-
terin and leeithin), glveogens and still others which are
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present in only certain types of cellg, such as keratin in
epithelial cells, pigments in gome epithelial cellg, in the
retina cells, in certain nerve cells and their derivatives,
and 1 the corpus lutecum of the ovary. The hodies
which are present in all eells are spoken of as primary
constituents: those present only in certain types of cells,
as secondary constituents. Tt is the latter which often
help us in deciding what type of cells we are dealing

"
Fig. 1. Diagrammatic reproseniation of cddl <trcture. o, Cellawall o membhianc:

b Cyrorcticulun, or spongioplasm, containing the hyaloplesm in s meshes: ¢ Endo-
plisms 4, Plastids or protoplasts: ¢, *Vacvole S0 Digcstive UVacnole,” containing par-
tially digested ecll anelusion: 70 Metaplasm cgranules of pigment. mgested foode etea) s
Ji. Nuclear membranc: 7, “Net-knot™ or karvosome: 70k, Nuelear network, consisting
of chiromatin and Tintn, and enclosing in e veshies the nuaclear hyalopdasm o Karyvo-
Ivimplis 70 Nucleolus or plasmosone Astral syetem, containing divided controsome.
CATter Wilson rrom Boatie and Dickson

with and perhaps whether or not, i we know the type
of cell, what abnormal process ix affeeting the cells. The
presence ol a certain substance (melanin) in cells when
no melanin is present under normal conditions, ix evi-
dence ol a pathologic process. The =ame thing may be
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said of enzymes. The presence of pepsin in the kidney
would he just as abnormal as the absence of it in the
stomach. It is interesting to know that the secondary
constituents depend upon the activities of the primary
OnNCes.

One of the most important constituents of all proto-
plasm i water. Were it not for this substanee, life could
not exist, for without it soiutions ol food substances and
salts could not he made in the body,—and the cells all
depend upon solutions for their nourishment. In the
gastrointestinal tract the foodstuffs are changed hy
means of ferments from insoluble states to soluble ones.
Albumins hecome changed into peptones and amino-acids
and these abzorbed into the tissues, are again huilt up
mto relatively insoluble combinations,  And it is mainly
nitrogenous  substances  (proteins), the carbohvdrates
(sugars), and the fats, which serve as foods., For them
the water 1s a vehiele of transmission from one part of
the body to another. The salts, on the other hand, prob-
ably have no nutritive value, but are effective in mod-
ilving the protoplasm o that it has greater affinity for
water in which the nutritive substances arve dissolved.
Protoplasm is a substance which belongs to the same
physical category ax glue, and gelatine, 1. e, it is a col-
loid—a nitrogenous colloid.  When a =alt in =olution
comes in contact with a colloid ot the type of protoplasm,
the colloid gives up water. When it comes in contaet
with an acid is takes up water.

In the body, the tissues are normally neutral.  But
whenever they are active they tend to he split up into
simpler chemical substances which invariably are acid
in character.  Under these ceircumstances the cells ab-
<orh water with its dissolved substances, food=tuffs and
salts.  When the concentration of salts reaches a certain
point, water ahsorption ceazes.  When it passes that
point, water and dixzolved substances are given up by
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INTRODUCTION 21

the protoplasm (exeretion), and since the blood serumn
is alwavs, though very little, more acid than the tissues,
bhecause of the presence of acid excretions (ecarbonie acid
and other substances), the tendeney is for substances in
solution to continually pass out of the cells into the
serunt. At the same time actively functionating cells con-
stantly produce acids and so there is the constant ten-
deney for cells to take up water and dissolved substances.
It 1s therefore upon local variations in acidity and al-
kalinity that absorption and sceretion depend.

So pathology while it 1%, as the word signifies, the study
of disease, 1t is also fundamentally a study of the physies
and chemistry of the body colloids, particularly the ni-
trogenous colloids.  We shall, however, in the following
chapters not make a fundamental study of the facts of
disease, but will devote ourselves to a more superficial
view of the problems of dixease.
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PART I —GENERAL PATHOLOGY

CHHAPTER 11.
HEANLTH AND DISEASI

As we have said, health depends upon coordination of
cellular processex: dixeaxe depends upon a lack of such
coordination. 11" we aceept this conception then we gee
that health and disease depend upon two things: the
structure of the cells ol the body and the reaction of
then to influences without the cells, )

Were the cells constant in structure and were the en-
vironment constant, then cellular disease would not exist.
Were the body construeted in a constant fashion, and
were the surroundings ol the hody constant, then dis-
caxe of the hody would not exist. So dizeaxe ol the body
depends upon (1) the structure of the hody and (2) the
cnvironment,

We may illustrate this in the following wavs:

I. Suppose we consider a normal human being,  Ilis
digestion ix perfeet,  Hix temperature s normal.  1le
ix happy and contented, and 1= free from any annovance,
however petty. Suppose he take by mistake a solution
ol bichloride ol mercury, thinking it water.  Suppose in
place ol the corrosive sublimate, the water contains ty-
phoid bacilli, or cholera spirilla. Suppose he ix struck
by a Talling objeet. In either case damaze to the body
result=. Tle ix porsoned, we sav in the first case. IMe
hecomes inlected, in the <econd. e receives a trauma,
in the thivd,  Ile s up=et. No longer are the Funetions
ol the hody carvied out ina normal fashion.  Tis peace

B



HEALTIT AND DISEASE 23

of mind is lost. He is sick. e serves us as an example
of an organisny, internally perfeet, to start with, which
has suffered from abnormal conditions in the environ-
ment.

II. Suppose, again, we take a case in which the sur-
roundings of the ndividual are almost perfeet—Ilet us
make them perfect. Let us say that the water supply
is absolutely clean, the food supply tresh, the cuisine un-
excelled, the surroundings normally sterite.  And vet the
individual whom we are considering does not hehave in
a normal fashion. Perhaps he has some “nervous’ con-
dition; perhaps he passes too much sugar in his urine:
perhaps he reaets toward stimult which come from hix
surroundings in a totally strange manner.  Ile weeps at
small things; he raves at ohjeets: he has mantacal at-
tacks; perhaps he is depressed. e does not ecasily with-
stand changes of temperature.  Fvidently something is
the matter inside the hody.  The cells do not respond
to stimuli as they should. e ix phlegmatie we say, or
he shows spleen, he has a bad digposition, or a weak
constitution.  Here we have an example ol the effeet of
a normal environment on a body which is construetod
badly.

1. Suppose still againg we consider an individual
who hecause ol tmproper carve has hecome run down, we
sav,—ancmie, tired, worn out.  Ile hax allowed a per-
feetly good environment to play havoe with his body.
The internal arrangements have heen damaged so that
while others i the same environment preserve their
health, he hecomes tuberculous, let us =av.  Because he
run down™ he hecomes infeeted,  He i caveless of
chill and Tatigue and **takes™ pneumonia. e allows
his tonsils or teeth to get into a bad state of repair, and
develops rheumatism and its attendant states. Ile ix al-
lowed or forced by parents or society to think and fecl

i\‘ X

and hehave in wrong directions and, following Talse gods,
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he becomes a eriminal.  Iere we have had under con-
sideration the results to be expected from eombinations
of internal abnormalities together with bad surround-
mgs.

There are then three points—categories into which we
may classily disecase:

I. Those in which there is a primary external ab-
normality.

IT.  Those in which there ix a primary internal ab-
normality.

TTI.  Those in which both internal and external ab-
normalities play a part.

Sometimes we gay that a disease, or a tendeney is in-
herited or congenital. What do we mean by that!? An
inherited digease ix one which appears in sinilar form
m several generations of individuals of the same tamily.
A congenital disease is one which appears at birth. Such
a diseaxe may he thevefore also inherited.

Inherited diseases are the evidence of come permanent
-ariation ol the cellular correlations of the body, and
heing permanent the variation tends to reappear in sue-
cecding cencrations. .\ congenital disease is, on the
other hand, oftentimes a temporary variation, or an iso-
lated example of discaxe appearing at birth.  Perhaps
we should he safe in sayving that a congenital abnormality
i one which is acquired during the mtrauterine period
ol life, while inherited ix applied to conditions which
depend upon permanent changes in the germinal plasm.

Suppose we illustrate this in the following ways:

T. Take an individual who after birth exhibits cer-
tain abnormalities which were characteristies ot his fa-
ther. and ol his grandfather. and great grandrather. We
would =av that he wax the subject ol an inherited con-
dition. Take an example such as colov-hlindness which
i transmitted from generation to generation, chiefly in
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the men of a family, or hemophilia, a condition which
characterizes ‘‘bleeders.”” Evidently in these cases the
fundamental qualities of the germinal protoplasm have
suffered a change.

1I.  On the other hand, take the case of an apparently
healthy mother who, just previous to conception, or af-
ter conception, while the fetus is developing in the uterus,
becomes intoxicated, let us say with alcohol (aleohol is
perhaps the best example we can choose). The ger-
minal plasm (the ovum) or the embryo (fetus) is affected
by the poison so that after it is born it shows or de-
velops abnormalities which are completely foreign in
the family of mother or father. The child is the subject
of a congenital condition or perhaps disease. 1t is apt
to be less stable mentally (**neurotie’) than an otherwise
normal child. Tts general mental condition is apt to he
below the normal average (deficient), or it mayv he far
below the average (idioey, feeble-mindedness). It such
a child reaches maturity it may become an aleoholie, and
then certain persons speak of it as having an ‘*heredi-
tary craving”’ for alcohol, whercas it i mervely congen-
itally mentally unstable.  Tf, again, such a child reaches
maturity, and hax ehildren and those children are also
mentally unstable, then we may say that they show an
hereditary taint, or hereditary mental instability.

Perhaps a mother, during the period of gestation, be-
comes ifeeted with one or another dixease.  If the ehild
at hirth has the game discase, that disease is congenital,
not inherited.  The infectious digeases are not heredi-
tary, whether we speak of svphilis, gonorrhea, tubercu-
losis, or measles.  On the other hand, diseases of the
mother which do not direetly atfeet the child in utero
may produce immunity to the maternal digeases, and so
we have congenital immunity to disease. It the condi-
tions which produce immunity affeet permanently the
cerminal tissueg, hereditary immunity may result.



CHAPTER TII.
THE CAUSES OF DISEASE.

Regardless of whether the basis of disease rests on 1n-
trinsic or extrinsic variations, we can divide the causes
into four great groups: namely, physical, physico-chem-
ical, chemical, sociologic. These we will discuss in the
order in which they have been named.  This classifica-
tion ix of course arbitrary, and ix made for convenience
sake, for, with few exceptions, all injuries produce chem-
ical damage within the hody. That is to say, they lead
to inteinal disorders of a ehemical nature in the ahsence
ol which they would be of little or no importance, so {far
ax the hfe or death ot the whole organism is concerned.
A cut or a bruise ix of relatively small importance un-
less mfection oceurs or =evere hemorrhage takes place.
In the first instance, the tissues are prepared for the
cerowth of hacteria: in the scecond, the tissues do not re-
ceive an adequate supply of oxvgen hecause the oxvgen
carrving material of the blood has heen lost.

It ix of course evident that the mechameal and phys-
ieal causes of dizease are very commonly primary, hut
it 1= the sccondary effeets which are of greatest signifi-
cance,  The svmptoms of dizease following mechanieal
or physical msults are the expressions (for the most
part) ol these =econdary effeets. Both pressure and ten-
sion et in producing variations in the nutritive activities
of colls, and no matter whether these forees are exerted
upon  normal or abnormal cells, tissues or organs,
changes are maugurated which express themselves in
various dircetions, such ax hypertrophy, atrophy, degen-
crations., or necrosiz (ol" which more later), which are

26
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the results of interference with nutritive (chemiecal) ac-
tivities.
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Physical Causes.

The physical causes, as we shall group them, are pre-
dominantly mechanical ones, and their effeets are spoken
of as traumas (or trawmata). In this group are (1)
pressure, (2) tension (or strain), and (3) combinations
ol pressure and tension,

It must be evident to evervone, even it he has only
a butcher-shop acquaintancee with anatomy, that pressure
ix an important factor in producing the characteristie
form of organs. One need only mention the lungs, the
brain, the liver, to call attention to this factor. Were
it not for the pressure exerted upon solid organs they
would probably all be round. This is illustrated in the
case of accessory spleens and livers which are not firmly
attached, but hang more or less loosely in the hody cav-
ity and which are alwavs round, quite unlike the larger
fixed organs.  The markings (grooves) on the surfaces
ol hones made by blood vessels, the very =urfaces them-
selves, are examples of similar etfects of normal pres-
sures on normal organs,

In the category of phenomena vesulting from abnor-
mal pressures on normal organs, there are many every-
dayv iHustrations.  Nmong them are corns, calluses, -
growing toe nails.  In former times, the davs of tight
lacing, the weird covset-liver wax not infrequent. More
important than thexe changes in form, are the svmptoms
produced by pressures, svimptoms which indicate inter-
ference with function.  In thisx connection one recalls
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the “*going-to-sleep” (anesthesia) of a foot from pres-
sure upon a nerve trunk; the headache caused by a too
tight collar: the bed-sores (decubitus) and ‘‘pressure
spots’ on the hacks of bed-ridden patients; the swelling
of the feet and appearance of varicose veins from tight
garters.  Also, in this group belong the erosions of bhone
caused by the intermittent pressure of aneurisms, the
blistering ot the hands by unusual manual work; the
smothering (asphyxia) brought about by the pressure
of tumors on the trachea: the difficulty in swallowing
(dyvsphagia) caused by pressure upon the esophagus,
and, an extremely frequent occurrence, the appearance
of hemorrhoids (piles) trom internal pressure in the
howels (constipation).

When normal or abnormal pressures act upon ab-
normal organs, the consequenceg are often still more se-
vere. In this group we note the curvatures,—exemplified
in knock-knees and bhow-legs,—in rickets, as well as the
spontanecous fractures ol hones which have been affected
by primary diseases ol the bone. In these the bones
are o weakened that even normal pressures warp and
bend them and even cause them completely to give way.

Internal pressurves  (distention) also  produce, not
merely changes of form but also, svmptoms. A too
great quantity of blood within the heart embarrasses it.
An accumulation ot fluid in the ventrieles ol the brain
auses a gradual dizappearance (atrophy) of the brain
substance, caught as it i hetween the fluid and the bony
skull.

The effeets ol pressures depend largely upon the duar-
ation and continuity of action.  Continuous pressure of
moderate or extreme intensity may produce death (ne-
crosix) ol tissue while one ol great intensity, acting in-
termittenthv may produce only growth of tissue (hyper-
trophy) as in calluses. Obviously the continnous pres-
sures are ol most scrious import.
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It must be apparent that the place of action of a phys-
ical force and the character of the agent must be im-
portant items in considering the effeets of a trauma.
An incision made with a clean sharp knife may be of no
more than very transient importance and may have no
appreciable effect upon the economy provided it does
not open a large vessel or injure a vital organ. A lacer-
ation produced by a dull dirty knife is more serious. A
clean punctured wound may do no essential damage or
it may cause death. A black eve (contusion) is rarely
of importance, while a lacerated contusion is more in-
mediately serious and potentially dangerous. A con-
cussion may be either temporarily or permanently evil,
depending upon the degree of foree and the condition
of the organs which are affected.

All these types of damage (traumas) produce tissue
destruetion.  Disorganized tissue ig an execellent culture
medium, and so, since hacteria are constantly present on
and in the skin, and frequently in the blood, traumas
tend to be complicated by infections. Moreover traumas
may lead to dislocations ol cells, and such cells growing
and reproducing in abnormal positions may produce
{umors.

rl Al

ension produces frequent disorders, some of them
of considerable significance, some of them rarely even
recognized.  Physiologically  strain iz the important
cause of strengthening of the fibrous unions of muscle
and bone. It accounts m a large measure for the pres-
ence of the tuberosities and other points of attachments
of muscles. How it does this, 1s not definitely under-
stood, but it ig possible that the stretehing ol the tissues
acts as a stimulus to the cells and so they make hetter
use of the normal supply of food, or that intermittent
application of the force inercases the supply of food
(blood) carried to the cells, much as happens duaring
massage.
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The effects of severe strain are well known in sprains
of various sorts, as well as in the less severe strains. In
the latter the tendons or their attachments are but mod-
erately damaged.  In the former they are often rup-
tured.  In the case of muscular strain, whether of the
skeletal muscles or of the eve museles—for instance, eve-
straim, fatigue isx produced, with subsequent loss of
power, and even atrophy or wasting.

Physico-Chemical Causes.

In this group we deal with such influences as atmos-
pliecrie pressure, eleetricity, x-ravs, radium, hght and
light waves, heat and cold, all of which are physical
agents which produce hoth physical and c¢hemical changes
in the body, but of which the chemical effeets are most
important.  They form a boundary group of influences
standing between the more purely physical and the more
purely chemical.  In some instances the distinetion is
very little evident.  For instance, the effects of sudden
changes of atmosxpherie pressure such as oceur In cais-
son discase are quite different from those of the grad-
ual changes which oceur when a person goes from one
altitude to another.  In the first instance, the blood ab-
sorbs more than a normal amount ol atmospheric gases
(oxveen and nitrogen chiefly), and this, when the pres-
sure is suddenly removed, i set free in the blood and
the hubbles of gax plug the small blood vessels.  The
phenomenon ix quite similar to that obscerved in uncork-
ing a soda water bottle.  In the latter case, the decreased
pressure apparently acts as a stimulant to the blood
producing organs, and this results in a large number of
blood cellx,

Tleetrie currents act upon the tissues ol the hody much
ax they do upon materials in a test tube. .\ current
passzed through a =olution ix modified so that certain par-
ticlex pass to one pole while others pass {o the other
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(tons; cleetrolvtic dissociation). In the hody a similar
process occurs only it is more complex. When such dis-
sociation affects intensively such parts of the body as
the respiratory center, death 1s immediate.

The method ol action ol the x-rayvs and radium we do
not understand.  Depeunding, however, upon the time of
exposure, or the imtensity of the rayvs, perhaps also upon
the quality of the rayvs (the proportion ot alpha, heta
and gamma rays) cells mayv either be destroved and so
produce x-ray or radium burns, or may undergo hyper-
trophy, and ultimately give rise to x-rayv cancers.

Light rayvs are antagonistic to life if' they are sufti-
ciently concentrated.  I9ven diffused light is harmiul to
some forms of life. Thix ix expecially true ol certain
ol the Tower Torms of life, particularly of the bacteria.
It is not true of man.

Light ix undoubtedly a stimulux to the chemical ace-
tivities ol cells, just as it accelerates many chemiceal re-
actions outside the hody (silver salts in photography),
and it may be true that light is more destructive to the
bacteria beeause it is able more readily and thoroughly
to penetrate their bodies and so start processes which
result in self=destruction.  In the large organisms, such
ax man, growth ix favored hy light.  Metabolism is ab-
normally <low in darkness.  Children ol the light are
physically farger than **hazement children.”” These ef-
feets are in part due to the heat producing ravs (red
and infra-red) : in part to the stimulant ravs (violet and
ultra-violet).

We know hetter the effeets of the heat producing rayvs,
We know the reddening ol the <kin with the subsequent
soreness and blistering (vesieulation, sunburn), and the
also subscquent inerease ol pigment i the skin (pig-
mentation, taiming).  We also know the condition called
sungtroke (insolation). Sunstroke ig a condition whieh
12 caused indiveetly by thie action ol the red and infra-
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red (heat) waves of light. It is the result of insuffi-
cient elimination ot heat from the body. When the body
retains its heat, the chemical processes within it are ae-
celerated, exaetly as the chemical processes in a test
tube mixture are hastened by waving over the flame. The
result of this is that poisonous products of metabolism
are more rapidly produced than at normal temperature,
too rapidly to be excereted,—and the body suffers. If
the heat of the body is not so extreme and if its action
ix spread out over a longer time, the organism loses wa-
ter, by perspiration, in abnormal amount, and so the
main solvent of the substances in the body is lost to an
extent that the poisonous products of metabolism accu-
mulate. This produces heat exhaustion.

Ileat produces the effects which are generally known
ax burns.  In the case of a slight burn (burn of the first
degree) the skin is reddened, swells, and is painful. If
the burn is slight and the action continued for some time,
the skin is apt to become pigmented as in sunburn. If
the burn is of a more severe character, the skin is not
merely reddened, swollen and painful, but shows the
presence of blisters, large or small (burns of the second
degree). I the burn is still more severe the whole thick-
nesx of the skin may be affected. Tt is killed (undergoes
neerosiz) by the heat: the protoplasm of the cells and
ol the blood i1s coagulated, and the dead tissue sloughs
away and leaves uleers (burns ot the third degree). In
still more severe cases the skin ix charved (carbonized)
and we speak of burns ol the fourth degree.

The effects of burus upon the whole organizm depend
upon the extreme pain, the absorption of dead materials
from the skin, the infeetion of the burned areas, and the
formation of disliguring scars,

The effects ol cold are, in =ome respeets similar to
those caused by heat. That 1= to =ay, cold may produce
death of tissues by blocking the blood vessels. In se-
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vere cases this is brought about by rapid thawing of the
frozen tissue. In the course of freezing the water of
the tissue solidifies in crystalline form, in other words,
it is partially separated from the rest of the constituents.
During rapid thawing the water is set free and not
enough time is given it to reunite with the other sub-
stances. The result is blocking of the blood vessels and

death of tissue.
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Chemical Causes.

The body may be affected by the most various sub-
stances, come of which produce very apparent gross ef-
feets, as, for instance, sulphurie acid, causties ot various
sorts: =ome of which produce no obvious gross effect, as,
for instance, poisonous gases, and the toxins produced
by bacteria. These substances poison the body, some of
them locally, some of them generally (intoxication).
Many of them are products of living organisms, such as
hacteria (bacterial toxing), many the produet of unor-
ganized chemical aetion (the causties, acids, organie and
morganic poisons), and some of them are the products
ol the body itself.  The faet that some are produced by
the body while xome are produced outside of it, allows us
to classily them ax erogenous and endogenous, while the
fact that =ome are the products of living bodies, chiefly
parasites, allows us to group them also as parasitic and
non-parasitic, We o make, therefore, the {following
schema:

A, Intoxications of exogenousx and non-parasitie ori-
gin.

B. Intoxications ol exogenous and parasitic origin
(infections).

. Intoxications of exogenous and =aprophytie origin
(meat poizonings, efe.).

D.  Intoxications of endogenous and non-parasitie ori-
win.
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In the first group which concerns itself with exogenous
and non-parasitic intoxications, belong the effects pro-
duced by the chemical substances,—strong acids, mineral
or organie, silver nitrate, carbolic acid and the like. These
as a rule act by killing the cells (coagulating their proto-
plasm) upon which they act. Sometimes, liowever, the
local action is less important than the general action, or
the action in other organs, than the one upon which the
substance acted primarily. This is {rue of certain gases,
for instance hydrocyvanic acid gas, which, hreathed into
the lungs, causes death by its action upon the central ner-
vous system.  Carbolie acid likewise, if introduced into
the body in dilute solitions, does less damage in the gas-
trointestinal tract than in the kidneyvs,  Kxamples could
be multiplied, and may he found in any pharmacology.
Alcohol is the most useful example perhaps, because of
its local, general and =ocial effeets. It may bhe useful to
call to mind the so-called selective action of poixonous
substances, illustrated by stryehnine which affeets the
spinal cord; carbon dioxide which affeets the respiratory
center; and barium chloride which affeets the musele of
the blood vessels,

The second group, that in which the exogenous para-
sitie intoxications belong, ix concerned mainly with mat-
ters which are studied in bacteriology. They comprise
the infectiong, which, though in certain cases the symp-
toms are due to the presence of the parasites themselves,
are as a rule the result of the chemical action of the sub-
stances claborated by the bacteria (see p. 41).

The exogenous saprophvytic intoxications are ones
caused by what are ordinarily called non-pathogenic or-
ganixms.  They are the rexult of poisoning with sub-
stances produced by the microorganizms during splitting
up of food materials.  Such substances are the various
amines, formed from proteing during putrefaction. A
connecting link hetween this group and the previous ones
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are the gastrointestinal intoxications or toxemias, often
erroncously called autointoxications (see p. 149).

The laxt group comprises a =eries of metabolic disturb-
ances which are coming to he of greater and greater sig-
nificance, namely, the disturbancex which result from im-
perfeet correlation of function of physiologically associ-
ated organs, chiefly those called the glands of internal
secretion, or the ductless glands (see p. 53).

Infection.

By infeetion we mean the entrance of living organisms
(hacteria, protozoa, metazoa) into the hodies of other ani-
mals.  In certain instances, the penetrating organisms
are confined to the skin (acarus, iteh mites) where they
live and cause disturbances whiel are largely irritations,
and which are not tollowed by the general reaction called
immunity.  In other casex organisms (intestinal worms)
enter the gastrointestinal tract where they live and cause
disturbances which arve, in part, irritative, in part, toxie.
Ividence of the toxie effects are given hy changes in the
structure of the hlood (eosxinoplitlia, ete.). In still an-
other group of caxes, the parasites penetrate into the tis-
stex (hacteria, metazoa) where they reproduce and by
their toxins give rixe to local and general effeets, whieh
in some instances are 2o characteristie that we speak of
definite dixease. In some such caxes the growth of the
parasitex i the body ix followed by immunity (bacterial
dixeases, infectious dizeases), in others, it is not (infee-
tions with such parasites as tapeworms, trichina, filaria,
ete.). ‘

Bacteria enter the hody constantly, even during health.
They also enter the tissues to which they are carried from
the intestinal tract or infected tonsils or teeth, sometimes
by leucoeytes which have engulled them, sometimes by
their own aclivitiex. A a rule (in health) they are de-
stroved.  When they sueceed in living and multiplying
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they cause infectious diseases, the symtoms of which may
be due to mechanical effects, such as plugging of vessels,
to toxic (ehemical) effects or to both.

Normally, that is, in the state of health, the hody can
withstand the attacks of its bacterial foes, but a damaged
body is not so resistant. For instance, it is well known
that hacteria are commonly present, not only on the skin,
but in it and yet these bacteria do but little damage. But
after a cut or a hruise, ““‘festering’” is quite conumon. Of-
ten this is due to bacteria introduced during the cutting.
Often it is due to the bacteria of the skin which are able
to grow in damaged tissue. **Stiteh abscesses™ arize in
the same way. A\ person with a normally acid gastrie
juice is infected with difficulty with cholera. But let
him neutralize the acid juice with alkali and then he he-
comes very susceptible.  In many conditions (for exam-
ple, after using aleohol) the gastrie contents are neutral
or alkaline.

But beside sueh things, the resistance of the hody de-
pends upon many other factors, xuch as species, age, phys-
ical condition, nutritive conditions, on the one hand, and
upon the virulence of the hacteria on the other. In hrief,
infeetion ix determined hy the relative vivulenee of the
infeceting organisms.

What ix often called predisposition to infection is a real
enough thing provided we use the term hroadly. *‘Pre-
disposition to tuberculosix’ ix however not a valuable
phrase. An individual who is little resistant to infection
ix proue to acquire the frequent diseases, 1. e., those from
which many of hix fellow beings are infected.  The op-
portunities for infection with tuberculosix are legion.
“Predixposition to tuberculosi=’ then ix no more than a
lack of resixtance on the part of the individual to many
infectiong, coupled with multiplied erposition to tuber-
culosis. The factor of exposition 1s probably the impor-
tant one in the notable meidence of certain diseasex in
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children at the time when they begin to creep and to be
handed trom relative to relative. They begin to be ex-
po=ed more systematically to infection. In creeping they
soil their hands, and every object of interest is carried
to the mouth for experimentation. They are kissed by
every chanee acquaintance. Tuberculosis is frequent in
children in the early yvears of life.

Susceptibility to infection ix another matter, and de-
pends upon presence or abszence of immunity and upon
the relative resistance of the hody, which latter may be
lowered by various effects, such as fatigue, hunger, cold,
intoxications (expecially aleohol), by previous infections,
and by secondary sinnltancous infections.

Lmmunity results from the ability of the cells of the
body 1o ehemically fix or modify toxie substances which
are brought to them by the blood, and is a quality which
18 cometimes inherited. It may alxo be the rexult of the
inability of the cellx of the hody 1o make anyv use what-
ever of the toxins.

The effects of fatigue, hunger and cold are frequently
seen in caxex of **taking cold”” [nasal infections (corvza);
pueumonial.

The effects of intoxications we have already called at-
tention to in =peaking of alcohol and cholera.

The effeets of previous infeetions are seen in cases,
which, having had meaxles, develop tubereulosis or pneu-
monia: ol simultaneous infeetion ax to the appearance of
tuberculosiz during whooping cough.

Local infections produce lTocal inflaimmation (boils, ah-
seexxex, furunculoszix).  General infections  (bacteremia,
septicemia) produce general effects, such as various types
ol tiz=ue degenerations, fever, and other disorders of met-
abolism which are grouped under the term, the effects of
imtorications.

Certain infective agents remain localized and produce
cencral effeets hy means ol =oluble toxins (diphtheria,
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tetanus) which effects we refer to toxemia as opposed to
septicemia.

Sometimes bhacteria localized at first, enter the blood
stream and form new foci of growth as in furunculosis.
This process of distribution from a primary focus we call
metastasis: the condition is often called pyemia, or sep-
ticopvemia.

In latent infections, the bacteria remain in an inactive
state in the tissues (tuberculosis).
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Sociologic Causes of Disease.

Very possibly it will seem strange and out of place
in a volume of this sort to even mention social surround-
ings as a factor in diseaxe. Nevertheless {here iz very
probably no more important aspect of dixease than the
social.  The character of associates, parents, and rela-
tives; the formation of habits hecause of speeial associa-
tionx; the growth of imitations of other individuals; the
character of instruction in educational institutions; and
the possibility of permanence of ecarly impressions re-
ceived in the juvenile or even in the infantile period of
life,—all are entirely worthy of the attention they ave
only beginming to receive. Tt ix in this field that the ap-
plication of experimental psyvehology 1= heginning  to
prove of the utmost value, and it ix here that medicine
appears ax a territory standing bhetween sociology and
normal psvehology. Tn thix field the benefits of prevent-
ive medicine will, in the future, he as striking and ax val-
uable as thev have shown themselves 1o he in the het-
ter known and perhaps more obvious fields of hygiene.
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It will perhaps be discovered that what we call heredi-
tary, in certain and very frequent instances, is not that,
but ix in reality social in a broad sense. The most valua-
ble materials for the study of these sociological factors
in disease are to be found in the records and reports of
the Hospital Social Serviee Associations and in such vol-
umes as Cabot’s Social Ser vice and Art of Healing, the
Journal of Abnormal Psychology, and the like.

There are, beside the above mentioned aspects, others
which are associated with industrial surroundings. In
this group belong the subjects of industrial poisonings,
vocational morbidity and mortality, and diseases of oc-
cupation. One thinks in such a connection with the al-
lied problems of vocational guidance which are ones deal-
ing, in part, at least, with the placing of individuals in
industries, or divisions of industries, suited to their phys-
ical and mental make-up, for it is obvious that a person
may be either physically or mentally harmed if he is
placed at work for which le is not fitted. With this is
again associated problems of the effects of fatigue as in-
fluenced by interest and pleasure, as well as those of
mental retardation, and deficieney and moral delinqueney.
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Intestinal Intoxications.

The term intestinal intoxication ix one which hasg, at
the present time, more clinical significance than patho-
logic. To the clinician the term means a seriex of symp-
toms which are associated with gastrointestinal abnor-
malitiex of almost any kind. Tt is a term which occupies
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a place similar to that held, in the minds of many, by
neurasthenia. In other words its significance varies with
the physician or surgeon, and perhaps the point of view
of the individual clinician is hased upon his belief that
the symptoms are due to the following:

1. The toxie effects of poisonous substances produced
in the intestine and thence absorbed into the system. Tt
may be said that this ix a possibility although there is
no definite experimental evidence. It ix true that in the
procesx of digestion of foodstuffs, expecially the proteins,
that poisonous materialx are produced. These however
are as a rule neutralized or inactivated by chemical com-
binations in the tissues during the process of absorption.

2. The toxie effects of poizonousx substances produced
by bacterial activity in the intestines.  Such substances,
for example, the ptomains, are cxiremely toxic. The
amines alzo are exceedingly active poizons, and such aro-
matie substancex as indol and skatol have been eredited
with grave disorders. As a rule, however, these sub-
stancex are produced in too small amounts to be serious
menaces, or, like indol and skatol, are chemically com-
bined, mnmactivated and excereted, Tt may, however, hap-
pen that in occasional instances; ax in ptomain poisoning,
such substances found completely without the hody, are
mtroduced in sufficient amount to produce disease. 1t
may also happen that chemical combination does not oc-
cur in the body.

3. The syniptoms niay be due {o the action ol endo-
toxins or exotoxins of the intestinal bacteria, whieh may
be found within the intextinal canal and from there ah-
sorbed.

4. The symploms may bhe due to the penetration of
bacteria themselves which gain entrance 1o the tissues
from the intestines,

As a rule the effeets produced by the Tactors men-
tioned in groups 1 and 2 cannot he separated, nor can
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those indicated in groups 3 and 4, hecause in the first in-
stance bacteria are constantly present in the intestines
and carry on their work of splitting the foods while the
normal ferments are carryving on theirs, and, in the see-
ond instance, toxinsg are absorbed from the intestinal
tract and cause changes in the organs, while in occasional
instances, the hacteria also enter through the walls of
the tract and are engulfed by the cells of the tissues
where the endotoxins arve set free and there they produce
their pathologic effects.  Thix ix illustrated in the severe
chinical complex called typhoid ferer. In many cases of
intestinal intoxication the symptoms are produced by or-
ganisms which are of lesx pathologic significance, for in-
stance, the colon bhacillus, and perhaps other baecterial
forms. To such conditions Adami applies the useful
term sub-infection.
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CITAPTER IV.
DISTURBANCES O METABOLISM.

By metabolism we mean the sum of the chemical
changes taking place in the tissues of an organism. One
phase, which is concerned with ingestion and assimila-
tion of food materials is known ax anabolism. The other,
concerned with the hreaking down exeretion and elimina-
tion ix known ax katabolism.

Metabolism 1s modified in either or hoth its phases by
the quality and the quantity of the food, and also by con-
ditions within the body which influence the cells and tis-
sues in such a way that they are less able or more able
than normal to make use of food. IFor instance, the quan-
tity of food which is necessary to keep the hody in a nor-
mal state of nutrition depends upon age, muscular activ-
ity, and c¢limate, and upon certain other conditions some
of whicl are inherited, some of which are acquired.  Also
some ol the individual conditions are transient, some are
permanent.

It ix quite evident from superficial observation that a
child uxes more food compared with its weight than an
adult. It is just ax evident that an old man usex less than
an adult in the prime of life. These variations are de-
pendent upon the activities of the cellx of the organisn.
In the infant and during ehildhood, growth ix rapid, the
individual is very active, and food i= used rapidly, hoth
for the production of heat and for the growth of the tis-
sues. J\s oage Inereases, the activities of cells, and of
the organis=m itgelf, decereages, and not only is lesx food
necessary, hut fess food ean he utilized.

T is a matler of evervday experience that the active

42
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person needs more food (other things being equal) than
he who ix sedentary. During muscular activity, more
food is used in the production of heat. In the absence of
muscular activity, the food that might merely be burnt
becomes unnecessary, and therefore we may say, in a
very general sort of way, that the needs of the body de-
pend upon the amount of muscular activity. Of course
this is not entirely true but it is sufficiently true to make
a point of it. The food needs of the body are modified by
age, and this depends in part at least upon muscular ac-
tivity. They are also modified by the external tempera-
ture which surrounds the hody.

Other influences which affeet the use to which food is
put within the body are (1) individual differences, which
are difficult of deseription for obvious reasons, and (2)
the influence of the ductlexs glands, which are only now
beginning to he understood. It is perhaps true that the
co-called individual differences ave expressions of vary-
ing activitiex of the duectless glands.

We all know that some individuals eat very large
amounts of food and remain slender, while others take
small quantities of food and become excessively stout.
In part such phenomena depend upon muscular activity;
in part, upon certain not-understood conditions within
the body which allow of storage of large amounts of
fats. In some instances one or another mental type is
associated with the physical condition. In some cases
we believe that the internal arrangements within the or-
ganism are not properly balanced, and in some such
cases we have reason to helieve that the derangements
are associated with more or less definite lesions, that is
to sav, with abnormal activities, ol certain of the or-
gans ol iInternal seeretion: for instance, the pituitary
gland, the genital glandg, the thymus, the thyroid, the
adrenals and the pancreas.

When a person hecomes stout, when he inereases in
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weight, it is obviously because he assimilates and holds
a larger proportion of his food than he uses up in produc-
ing heat and other forms of energy. If he loses weight,
it is because he uses up more food than he retains. Some
individuals will do one or the other of these things, re-
gardless of the amount of food taken. But the normal
individual who holds his weight upon a normal diet can
he made to inerease in weight by increasing his food or
by decreasing hix muscular activity. He may also be
made to lose weight hy decreasing the food or by inereas-
g his activity. e will also lose weight if he is not con-
tented, if he is worried. Hence, the saying, *‘laugh and
grow fat.”

But aside from the question of quantity of food there
1g the very important factor of the quality of food. We
know from our studies in physiology that a normal diet
must be more or less balanced in its content of protein,
fats and carbohydrates, salts and water, and we know that
absence of any one of these constituents will produce
greater or less change, or even damage to the organism,
depending upon the length of time the lack is continued.

So mueh for the general external conditions of meta-
bolism. DBexide these there are the general internal con-
ditions of metabolism which have heen touched upon in
the gection on Intextinal Intoxications.

We know that during metabolism many substances are
formed within the body—in the cells, and given to the
blood—whiecl if they were permitted to remain unmodi-
fied in the body would he extremely poizonous. We know
that as a rule these substances are dispoxed of hy excre-
tion in the urine, fecex, sweat, ete., usually after they
have been chemically combined in such a way as to make
them physiologically innocuous. We alzo know that cer-
tain—perhaps all—the cells of the body produce sub-
stances (internal seeretions,—hormones) which serve a
physiologic purpose, but which alxo, when they are pro-
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dueed in more than normal amounts, lead to serious dis-
orders. 11 will be obvious that if such substances when
produced in normal amounts serve a physiologic purpose,
then the body will suffer as it ix not supplied with ade-
quate amounts. Here then, ax in the case of food, we
have disorders due to too much, and too little, internal
secretion.

There ix a final posxxibility that abnormal substances
may be formed within the body, as a result of prevented
activity of the cells.  Ax a rule such substances are not of
serious import.

It appears that disturbances of metabolixm are the re-
sults of interruptions in the chain of physiologic trans-
formation of foodstuffs and that these interruptions are
the results of modifications of cellular activities which
are, except in rare instances, the results of variations in
the environment of the organism which result in certain
instances in what we call hereditary, or congenital, indi-
vidual differences.

According to the foregoing remarks, pathologic condi-
tions the body may result from the tollowing:

1. Failure of elimination.

2. Failure of one tixsue to make physiologic use of the
products of metabolism of other tissuex.

3. Ifailure of chemical combinations.

4. Excessive production of otherwise physiologic ma-
terials.

5. Insufficient production of otherwize phyxiologic
materialx.

6. Combinations of two or more of the previous fac-
tors,

During metabolisny, the conxtituents of the tissuex arve
broken down into simpler compounds, many of which are
acid=.  In the presence of a sufficient =upply of oxvgen
these acids are present only transiently and are rapidly
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decomposed or combined, and so become harmless. In
the absence of a sufficient supply of oxyvgen they persist.
When this happens a condition arises which we call acid-
081s.

Acidosis is present in greater or less degree in diabetes,
anemia, starvation, inanition, and cachexia, fatigue (mus-
cular or mental), following anesthetics, during preg-
naney and fevers, and in uncompensated cardiac and re-
spiratory diseasex,

In certain abnormal circumstances, a condition of acid-
osig is associated with eertain acids, particularly those
belonging to the group of amino-acids. Such conditions
are uremia, eclampsia, acute yellow atrophy and chloro-
form necrosis.

Anomalies of Metabolism.

Anomalies, as we usually use the word, are vara-
tions from normal which have no detrimental effect upon
the organism. 1In the realm of the anatomic we speak of
the presence of xix fingers, or six toex, for instance, as
anomalies.  They interfere not at all with the health and
life of the organism, although they may be ineonvenient.
In the same way, when we speak of anomalies of meta-
bolism, we mean chemical phenomena ax they oceur in
the organism whicl, though they do not appear in the
perfectly normal individual, yet do not act to the exsen-
tial disadvantage of the organizm. Such anomalies are
alkaptonuria, c¢ystinuria, pentosuria. The former is char-
aclerized by the exeretion in the urine of a substance
(homogentisic acid) which normally 12 not present in the
urine.  Upon exposure to the air and light such urines
become quite dark in color, even almost black. C'vetinuria
is characterized by the exeretion in the urine of a sulphur
containing material called exvs=tin, which can he recognized
by the mieroscope. Pentosuria depends upon the exere-
tion in the urine of a pentoxe, a sugar, which may he rec-
ognized by chemical methods.
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Soniewhat analogous to these conditions is albinism, in
which the body, even the hair, appears to be completely
devoid of pigment. The causes of this lack of pigment
we do not know.

High Temperature.

The regulation of the temperature of the body depends
mainly upon two factors—physical and chemical. The
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Fig. 2. - Continuous fever.

physical factor has to do with heat climination and is
largely bound up with the circulation and seeretion from
the skin. The chemieal factor has to do with heat produe-
tion within the body and is an affair of combustion (ox-
idations) of foodstuffs within the body. If heat produe-
tion rises without a corresponding activity in the organs
of climination, the body temperature rises.  The body
temperature therefore depends upon the balancing of
heat production and heat elimination.




DISTURBANCES OF METABOLISM 49

Every activity of the body increases, temporarily, its
temperature. Muscular exercise is especially active in
this respect. During exercise more fuel is burned, and
more heat is produced and must be eliminated, and so the
blood vessels of the skin dilate, the face is flushed, and
perspiration is increased. In this way heat is eliminated
from the body and the temperature tends to keep its nor-
mal level. During sueh work, the rectal temperature may
reach 38.37 (101°) without any evidence of discomfort.
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Fig. 3.— Remittent fever.

It ix probable that the normal temperature curve owes
ils form to the effects of rest and activity.

Lven after a hearty meal the temperature may rise to
a slight degree.  Ilot and cold drinks of course modily
the temperature,

More important perhaps than any other factors than
exercize, are external temperature, humidity and hreeze.
These influence heat elimination cliiefly for very obvious
reasons. If the temperature swrrounding the hody  ix
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high, less heat can be given off in a unit of time and so the
body temperature tends to rise. This is especially true
if the humidity is high, for the moisture on the surface
of the body will not evaporate rapidly and so the cooling
effect of evaporation is lost. If, on the other hand, a
breeze fans the body, evaporation ix more rapid. It has,
for instance, been shown by workers in the tropics that
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the effect of even light breezes may counteract the other-
wise almost intolerable heat of the glaring days.

Now, inasmuch as temperatures as high as 38.8° (101°)
may be considered ax falling within physiologic limits,
and inasmuch as the normal range of hody temperature
in a healthy person lies between 96.8° (36°) and 99.5°
(37.57), and inasmuch as these upper figures arve some-
times called fever temperature, we wish to know what
“fover’ is. Perhaps we might cay that tfever is a condi-
tion of abnormal temperature variation during which the
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mean temperature of the body ix raised. The mean daily
temperature is about 37° (98.67), or we may say {hat
“fever is a term to include all conditions in which the
normal temperature of the animal body ix markedly ex-
ceeded for any length of time.”’

But fever relatex to more than temperature alone.
The person who works, physically, until his temperature
reaches 1017 (38.37) does not feel any discomfort. The
person who has a fever of 1017 (38.39) does feel discom-
fort. “‘The elevation of the temperature of the body is
one of the usual signs of fever, but ix not an essential one.
As a matter of faet, foever as a rule is the result of infee-
tion by bacteria, and is a complex thing, associated with
chillx, headaches, feelings of malaixe, nausea, vomiting,
pains in the limbs and muscles, dizziness, and often with
a rise of {emperature (pyrexia). It ix quite different
in all itx appearance from the rise of temperature (hy-
pertherniia) caused by external heat (sunstroke—insola-
tion), lesions of the nervous system, and poiszonous drugs.

In speaking of the temperature during fever, the fol-
lowing terms which are sometimes used, are illustrative:

Slight fever 100.7-101.12° . (38-38.4° €.
Moderate fever 101.37°-102.2° I (¢
to 103.1- (39.5 ) in the evening.

Considerable fever 10317 (39.5%) in the morning, and 104> (10°) in
the evening.

845739 ) in the morning, rising

High fever 103.1° {395 ) in the worning, and 10-4£9° (40.3°) in the
evening.

Hyperpyrexia 107.67 (427) or more,

Fever i< divided into three stages, the initial or pyro-
genie stage: the Fastigium or fastigial stage; and the def-
erveseence or defervescent stage. The first stage may
be short or long: an hour or two—malaria, or lasxting one
or several days as i typhoid.

The second stage mayv he
very briel or very long.

The third stage also mayv he
quite short (erizix) or the tall of temperature may oceur
gradually (lyxig).

A continued fever, as one in which the daily {empera-
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ture changes, although they occur at a higher level, are
little or not at all greater than in health. (T'yphoid, pneu-
monia.)

A remuittent fever is one in which the temperature
changes are exceedingly irregular, and during its course
the normal line may be touched (suppurations; pyemia,
tuberculoxix with secondary infection).

Intermittent and recirrent fevers are characterized by
series of initial fastigial and defervescent stages as in ma-
laria, relapsing fever, ete.

In the first or initial stage, the patient complains of
cold, and suffers a ¢hill. Iis gkin feels cold and clammy
though the thermometer introduced in the rectum will
show that the internal temperature is above the normal.
The onset may be rapid or slow, and the duration of the
rigor may be brief or prolonged. Often, at the onset of
a fever, there ix no chill hut merely a period of depression
during which the temperature rises. The feeling of cold,
in xpite of these inereased temperatures depends upon the
fact that the sensations of heat and cold arize in the skin,
at the onset of a fever the surface temperature commonly
falls,

In the zecond stage, into which the initial one merges,
the <kin hecomes hot and flushed, and instead of feeling
cold the patient feels hot, and correspondingly thirsty.

The third stage, as has been =aid, may be <hort (crisis)
or prolonged (lvxis). TIn thix first case the temperature
falls very rapidly and the fall is accompanied by profuse
perspiration.

I'ever, we believe, is due {o the production of too mueh
heat in the hody and ix caused by the action ol bacteria
or their produectz. It ix a compound of heat accumula-
tion by over-production. and intoxication hy poisonous
substances,

In sun=troke (insolation) on the other hand, the cause
of the svimptoms ix the heat ray= acting upon the hody.
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These rays act first by healing the hody so that its chem-
1cal processes are quickened and more heat is therefore
produced to the point where elimination hy evaporation
or radiation is no longer possible, or to the point when
the water supply of the hody ix so depleted that the skin

ix no longer capable of secretions for evaporation. When

the air ix hot, «till and humid, the hody cannot lose its

heat, and then if physical exercize ix persisted in, the in-

ternal temperature of the body may rise to very high

points. Tt is possible that heat exhaustion is due to grad-

ual depletion of the water of the body without equiva-

lent loss of heat, and that heat stroke is due rather to

rapid accumulation of heat with or without water loss.*
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The Internal Secretions.
The organx of the hody are very eommonly looked upon
ax independent of one another, each doing its own work
with no other than an anatomic relation to the others, or

“For a discussion of the effeets of drugs on the temperature, see Pembrey and
Ritchie’s General Patholowy, po 3340
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only related by means of the nervous syvstem. How in-
complete such a conception must he one may readily ap-
preciate if he remembers that the function of the vasecu-
lar system makes it fully ax vital a correlating mechan-
ixm as is the nervous syxtem. The blood vessels are ¢han-
nels by which food is carried to the various cells of the
body, but they are likewixe, in a senxe at least, channels
by which eellular wastex are carried away. In whatever
way we may interpret the word wastes, the conception
doex not necessarily mean that such materials are value-
less in the general economy.  What is waste to one organ
may he food for another. A waste may he a =erious mat-
ter only when =ome group of cells which make physio-
logie use of 1t are abszent. It thevefore ix evident that
each organ ix apt to have an influence on other organs
through its metabolie products which are secreted (or
excereted) into the venous blood or into the lvmphaties.
There are many evidences of the truth of thesxe state-
ments, but they are most frequently studied in conneetion
with the duetless glands,—the glands of internal secre-
tion. In the seeretion ot these organs there appear to be
particular chemical substances (one ol which, adrenalin,
has heen isolated, and even svnthetically prepared) that
produece characteristic physiologic effeets. These  sub-
stances are the hormones. They are parts of the chemieal
coordinating svstem of the body. This svstem deter-
mines the direction of reactions. The nervous system de-
termines the speed.  Kach system modifiex the other.

1t these secretions are of such nnportance it might he
expected that the systemie effects of increased or de-
creased activity of the organs of internal zeeretion would
be striking, and it i< {rue that they are. Such effects may
be the results of excess or loxs of the =pecific materials
of the seeretions, or they may he due to the lack or modi-
fication of a speeific xubstratum upon which to act. There
ix evidence in experimental work that the effects are not
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simple, i. e., that they are not the result of damage to one
organ, and modification of its secretion, but the result of
interference with the interrelated activities of such or-
gans.  As yet we know next to nothing of the methods of
interference, or of the conditions upon which these gland-
ular effeets depend, whether in antecedent metabolie dis-
turbances, infections, intoxications, or in primary de-
rangements of the central nervous system. ““In the case
of the thyroid, for example, exophthalinie goiter with its
outspoken nervous and psyehie manifestations was for-
merly regarded as essentially a syvmpathicogenice or psy-
chogenice disorder, and among others Biedl has again
come to support this view as opposed to Moehius. Un-
questionably the mental repose of successful psyehother-
apy on the one hand, and on the other, such a radical
meaxure as the blocking of seeretory impulses to the gland
by cervical syvmpathectomy, have both served in many
cases almost as effectively as the now popular extirpation
of {he hyperplastic gland itself.”” It is in connection with
studies of the effeets of nervous impulses in the produe-
tion of secretory effects that we need to recall the older
expression *‘phlegmatic and nervous disposition, or di-
athesix, or constitution.”” These same peculiarities ap-
pear now ax xyvmpathetico-tonic and vago-tonice, and indi-
«ate the same old misunderstood fact that one individual
reacts with abnormal quicknesx to an impulse, particular-
Iy an emotional one, while another reacts less quickly than
normal. On the other hand there seems to be no doubt
that certain intoxications produce important effects upon
certain, at least, of the ductless glands.  In suel cases
we may perhaps search for the cauxex of vago-tonicity
or svmpathetico-tonicity in infections or gastrointestinal
intoxications. Schiefferdecker goes to the extreme in
sayving: ‘‘Internal secretion determines the effects which
the products of metabolism excreted by the nerve cells
during the simple processes of nulrition, will exercise
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upon other nerve cells and the end organ, such activity
being called ‘trophic.” It also determines the effect
which the products of metabolisim exereted in the course
of specific activity will produce, and this effect is known
as ‘irritation’ or ‘stimulus’.”” Whatever one may think
of sueh a statement it indicates, as Biedl says, the trend
toward the ultimate explanation of physiologie and path-
ologic correlationships in terms of chemixtiry, and it also
indicates the value and extraordinary interest which is
attached to the glands of internal secretion.

It will be noted that the mternal seeretory organs are
in a triple alliance. Ome other member, the nervous sys-
tem, we have mentioned. The other is the sexual system.
During normal growth there are certain psychic events
whieli accompany sexual development. Morphologic and,
certainly, secretory changes in the duectless glands occur
during the came period. It is no more than one might ex-
pect, then, that experimental work indicates a chemical
connection between these three systems, and that while
the reproductive organs exercize an influence upon the
nervous system, other organs which also influence that
system may affect the reproductive glands. There is an
interlocking directorate, and it seems “‘probable that a
disorder primarily involving any member of the ductless
glands series, leads not only to peculiar somatic altera-
tions but also {o an accompanving and characteristie
mental change,”” with, frequently, a sexual phase. So,
sayvs Cushing, **1t ix quite possible that the psychopath-
ology of everyday life hingex largely upon the effeet of
the ductless gland discharges upon the nervous system.””
But, we may add, these effects may lie in an increased
stimulability on the part of the tissuex toward nervous
impulses, or an increased susceptibility of the elements of
the nervous system to otherwise subliminal or unprodue-
tive stimuli.

It 1s more or lesx customary, largely hecause of their
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effeets upon metabolism, to classify the internal secre-
tions as inhibitory (or assimilative) and stimulant (or
dizassimilative), the one influencing the anaholic phase of
metabolisi, the other the katabolic. They are also re-
ferred to as growth producing and growth retarding. In
certain cases the effects of these seeretions are felt
throughout the whole span of life; in others they play
but a transient part, at one or another age or period. Not
infrequently their influence is shown by special effects
on certain organs; again they modify general nutrition;
or in still other cases they produce purely ps=ychic ef-
feets”’

In the foregoing paragraphs the emplasis has heen
placed upon the idea that the effects produced by disor-
ders of the organs of internal secretion are the results of
overabundance or lack of the speecifie chemical produets
of these organs. Thix ix not the only tenable point of
view.

1t is believed by many that these organs have also what
ix called a detoxieating action, and that in casex in whieh
there ix insufficiencey the effects produced in the organism
are rather the result of the action of toxie substances
which, normally, are destroyved or modified by these or-
gans. Thix idea 1x applied chiefly in the case ol the thy-
roid. In this connection it may mervely be suggested that
local detoxication ix rendered doubtful hy the fact that
in mammals the effects of thyroidectomy may he removed
partially by feeding of desiceated gland substance. There-
fore it secms more plausible to conceive that action of the
seeretion of the thyroid ix effective, in a general meta-
bolic way, in inereasing the activities of the other organs
and tissues of the body to a point where toxie substances
are cared for.

However, so far as we know, the main feature of all
disturbances of the glands of infernal secretion is that
they are not simple.  The effects ax shown in syvmptoma-
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tology are the results of the action of what has been called
the ‘*interlocking glandular directorate which profound-
Iy influences metabolism and the mental and sexual life’’
(Dunn). Therefore it may he said that while it is sim-
plest to discuss the cffects of the organs of internal secre-
tion under the heads of the different organs, it is to he
remembered that the complexes axsociated with these ef-
fecets are, as a rule, polvglandular ones,

Fig. 3.--Goiter.

The Thyroid and Parathyroid Glands.

There seems 1o be no conclusive evidence at present
that there is any exsential difference between thyroid and
parathyroid tissue, for it has heen shown that all morpho-
logical transitions oceur hetween the two. In speaking
of the thyroid gland we therefore mean to include the
parathyroids.

The internal secretion of the thyroid acts chiefly as a
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tion of the thyroid on other organs. It is believed by
some upon very good evidence that the parathyroids are
concerned in caleium metabolism, and that they are re-
sponsible for the syvmptom-complex known as tetany.

Discases of the thyroid are associated with:

Graves’ discase (exophthalmie goiter).

Cretinism.

Intantilism  (infantilismus  myxedematosus, Bris-
saud).

Delayved maturity.,

Achondroplaxia (fetal rickets).

Myxedema.

Tetany.

The Thymus.

It seems possible that the thymus exereises, through its
internal xeeretion, important effeets upon  growth and
that it hax an inhibitory Influence upon the development
of the genital glandx.  Appearances seem to indicate that
involution ol the thymus ix consequent upon sexual ma-
turity.  The work of Gudernatselr suggests that the thy-
mus has the power {o stimulate growth, but lacks the
power to excite differentiation and not only that, but thy-
mux feeding seems to suppress differentiation.

Lesions of the thyvmus arve axsociated with:

Status thymico-lvmphaticus
Precocions adiposity
Certain cacheetie states
loxophthalmie goiter
Nkeletal changes (riekets?)
Dwartism

Nehondroplasia
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Fig. 9.—-A casc of giantism, a hypophyscal dwarf, and a normal man. (After Falta.)
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nous tendeney often accompaniex statex of secretory hy-
perplasia.”’

Lesions of the hypophysis are associated with:

Acromegaly

Gigantism

Diabetes insipidus

Diabetesx mellitus

Infantilism

Dystrophia adiposo-genitalis (Froehlich).
(achexia hypophyseopriva.

It is to he recalled that lesions of the thymus are apt
to be associated with dwarfisim, while those of the pitui-
tary and thyroid are associated with mfantilism.  These
two conditions are frequently confounded. The impor-
tant difference is that mental changes are not assoclated
with the former. Dwarfism is a defeet of size and ap-
pears because growth ceases at some stage of develop-
ment. .\ child may bhe normal at hirth and then growth
may ceaxe (nanosonia ifantili=), or it may he defective
as to size from the starvt (nanosomia prowordialis). The
term infantilisn, ax defined by Laxéigue, **ix a disturb-
ance ol development, the salient feature of which is the
persistence in hoth the mental and physical state, of in-
fantile character<.”” In the term, however, has heen in-
cluded certain casex in which arrvested development has
resulted from nutritional derangements, and trom disease
of the blood vessels, brain, ete. Thix form ix known as
mfantilismns dystroplhicns of Lorrain. It may appear as
the result of hypoplasia of the vascular syvstem, in heredi-
tary svphilix, after alcoholism and other forms of ¢hrouie
poisoning in the parents: in primary cerchral diszease,
ax a res<ult of infections diseazes contracted in early life
(tuberculoxis, pellagra); metabolic derangements (¢hlo-
rosix); cardiac dizeases (pulmonary and mitral insuffi-
cieney) s and finally ax the result of unhygienie surround-
ings and insufficient nourishment in carly childhood.



DISTURBANCES OF METABOLISM 65

From the fact that lesions of numerous glands of internal
secretion are associated with infantilism it is probable
that this complex is associated with lesions of more than

Fig. 10.

Fig. 11.

Figs. 10 and 11. —Examples of enamel defects in cases of tetany.
(After Falta and Thelps)
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one gland and that the distinguishing eharacters of vari-
ous forms of the complex are connected twith single
glands. Infantilism is therefore a polvglandular affec-
tion.

The Adrenals.

The adrenals like the pituitary are composed of two
functional parts. Thexe are the medulla and the cortex.

Fig. 12, -\ case of mongolism standing bheside a healthy child.  ¢After Falta.)

The medulla ix the chromaffin portion of the organ and
ix cloxely associated with the sympathetic nervous sys-
tenm.  The cortex is quite similar in =tructure and ap-
pearance to the corpus luteum, and seems to be closely
related, functionally, to the sexual glands.  The medulla
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The Pancreas.

The internal secretion of the pancreas seems to be an
important factor in carbohydrate metabolism, though
just what part it plays is by no means certain. It is pos-
sible that this secretion containg a substance or sub-
stances which make it possible for the tissues to use
sugar. Stanley calls attention to the fact that an iso-
lated heart from a diabetic animal, when perfused with
blood plus ghicose, is unable to consume the glucose; but
in adding an extract of fresh pancreas, the sugar is con-
sumed. How this happens we do not know. Biedl says
the most probable assumption ix that the active substance
ix ferment, which inhibits the diastotic conversion of
glveogen into sugar, though it does not prevent the stor-
ing of glveogen. Absence of the hormone permits un-
checked splitting of glycogen.

The Pineal Body.

Of thix gland we know too little. 1t seemx to be true
however that whatever changes oceur must prexent them-
selves during the period during which the gland s ac-
tive, for it, like the thymus, undergoes ecarly retrogres-
sive changes.  Lestons in it have heen associated with
ohexity and macrogenitoxomia precox.  Recent experi-
mental work of Dandy indicates that the pineal hody
(epiphy=iz) hax no physiologic importance.
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tion, and this depends upon certain physico-chemical con-
ditions.  Abnormal constitution will just as surely bring
about abnormal absorption, and, perhaps, what was not
absorbed vesterday will he absorbed today and illness
will result. Normal constitution of cells and organs de-
pends upon normal activity, and so, as Cohnhein said,
““The regular circulation of blood of normal quality and
the physiologic activity of the organs are equally nee-
essary.”’

The quality of the blood we wish to dizcuss in relation
to physiologic activity. The regularity of the circula-
tion we shall discuss at another time. But first it will
be useful to say some words concerning the quantity of
food. .

As vou know from vour consideration of growth, quan-
tity of food may mean two things. It may mean the
quantity available, or the quantity needed. Atrophy,
vou remenber, may occur in the presence of an abundant
supply of normal blood, providing the cells are inactive
—which is to say, are in a condition (physico-chemical)
which makex thenm wnable to take food. On the other
hand, atrophy will just as surely occur in the abzence of
a sufficient supply of foodstuffs,

The quantity of food needed hy an organism depends,
other things bheing equal, upon activity. It is for this
reason more than any other, that the normal necessary
amount varies with age, and climate. In growth the
whole organism ix active; the food iz rapidly consumed
and transformed into heat and other forms of energy and
the supply must be frequently replenished.  In old age,
the opposite ix true, the individual is less active; combus-
tion is slower, and therefore less ix needed. A cold cli-
mate tends to increase activity, and therefore the food
demands are inereased. Hot elimate conduces to inae-
tivity and to decreazed demands, even though it hastens
combustion.
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And yet we hear it said frequently enough that we eat
too much, or we eat too little. Why do we eat too much,
or too little, and what happens when we do either?
Sometimes we eat too much hecause we haven’t anything
else to do and hecause we like the taste of food—or of
some foods. Sometimes, hecause we are completely,
mentally, contented, and heing contented we are inactive.
Nothing stimulates us to activity. Sometimes there is
something wrong in our physiologi¢ make-up, so that we
experience the feeling of hunger when we should not.
But sometimes we eat too little hecause we are discon-
tented and the taste of food is unpleasant, or hecause we
cannot have pleasant food. We may he worried, and
being either discontented or worried, our appetites are
small and our activity increased. We are restless and
burn more food than we otherwixe would. Sometimes,
again, our physiologic make-up ix deranged and we have
no desire for food, or desiring it, cannot use it or, some-
times, retain it.

And then, in either caxe, what happens? We **langh
and grow fat’ ax the saving ix, or we ““worry ourselves
to a skeleton.”” We beconte ohese, or poorly nourished,
or in the end we starve.

There are two main types of obexitv—physiologic and
pathologic. The former ix seen in infants, and in vouth
just hefore thie time of puberty.  The latter occurs as a
result of lack of exercise—of physical inactivity, and as
a result of disturbances of the funetion of one or more of
the ductless glands. 1t ix quite possible that the obesity
that precedes or accompaniex puberty is due to internal
seeretory activities.  Certain types of familial and ra-
cial obesity may be either physiologic or pathologie,—
which, we do not know. All, however, of whatever tyvpe,
depends upon a storage of fats in the tissues and this in
time may be due to deficient powers of oxidation within
the body or to the presence, along with ordinary lood-
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stuffs, of more eaxily oxidizable materials, such, for in-
stance, as alcoliol. Opposite to obexity is emaciation,
malnutrition, undernourishment, and starvation, due not
nerely to the using up of the transient supplies, hut also
of that other source of heat and energy that should be
used only in occasional times of need,—the fats and pro-
teins of the body. Poorly nourished children may grow
i stature though not in weight, and during such abnor-
mal growth the hones grow at the expense of the internal
organs. It ix only in the last stages of emaciation that
growth stopx in children, hut even then the power of
growth ix not lost bhut returns with proper feeding
(Arons: Jour. Am. Med. Assn., 1911, Ivii, 1619), But
under certain cirecumstances growth ix retarded, though
mental development proceeds—a condition we call in-
fantilism, and this leads ux to call attention to the inter-
exting fact that in starvation the vital organs are spared
at the expense of the other organs. The brain even at
the laxt shows little or no change.

Iinally, in this connection, let me emphasize that either
overeating or the refusal of food ix not important. It
ix the cause of either.

Thix may all be epitomized ax follows:

1. Normally anabolixm <hould equal katabolism.

2. When anabolism is greater than katabolism, ohes-
ity results.

3. When katabolism ix greater than anabolism, wast-
ing, emaciation, inanition and starvation result.

Beside obesity there are more serious things which
happen as a result of overeating. Various sorts of gas-
trointestinal disturbances are not infrequent.  The over-
Joading and distention of the stomach, together with the
irritant effects of mueh food; the continuoux or overstim-
ulation of the gastrie seeretory apparatus; the fermenta-
tive changex in the food which, in large quantity, ix with
difficulty saturated and sterilized by the normally pro-
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tective acid gastric juice; and similar effects in the in-
testinex. All of these result in svmptoms which are
grouped together under ‘‘gastrointestinal autointoxica-
tions"’ or mere ‘‘indigestion.”” Such conditions are ex-
pressions of irritation of the gastrointestinal organs, of
subsequent and consequent mflammations, and of the ah-
sorption of abnormal products or produets abnormal in
quantity, which may act ax poisons when carried to other
organs.  We shall speak of these conditions at another
place (see Intoxications). Faber, as an example of what
one may think of the importance of too much food, savs,
regarding overeating, that he is convineed that many of
the morbid conditions credited to the ‘“uric acid diathe-
sis’” are in reality the effects of overeating. He has tah-
ulated a large number of corpulent and normally nour-
i=hed individuals and calls attention to the preponder-
ance in the former group of certain types of rheumatism,
lumbago, varicex and constipation. The mortality from
apoplexy, heart and kidney disease, is also higher in this
group. He calls attention to the particular value of re-
stricting the diet in =uch individuals,

While the quantity of food needed by the body ix im-
portant, the quality of the food ix <till more important.

We are told thal to continue in health, the hody needs
proteins, carbohydrales and fats; and that these serve in
part for tissue huilding, 1. e., growth (proteins), and as
sources of energy (carbohvdratex and fats). In a way
thix is true, but in the past few vears Oshorne and Men-
del expecially have shown that mixtures of chemically
pure proteins, carbohydrates and fats, together with the
normal saltx and water, while they will sustain life, are
not able to promote growth. Oshorne and Mendel found
the necexsary stimulus for growth in milk whey, and in
extracts of tissueys, and, they found thatl these materials
would be effective in such small amounts that their ac-
tion could not he accounted for on the baxis of oxidations.
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More recently Funk, studying the tropical disease beri-
beri and its congeners, has extracted similarly effective
substances from veast, rice, ete., and the extract he calls
vitamin. Not only have these things been discovered,
but Osborne and Mendel have found that proteins of dif-
ferent origins have different nutritive values. So vou
see the quality of food is really decidedly important.
Perhaps 1t is the quality of boiled milk and not the di-
gestive variations in children which causes rickets and
seurvy. Pasteurized and boiled milk are not as safe as
uncooked milk, and vet all the original constituents are
present.  Holst and Froehlich fed guinea pigs with only
cereals or bread, and produced scurvy in the animals.  If
fresh carrots and cabbage were fed, the animals remained
well, and these vegetables acted in curative fashion if
fed to scorbutic pigs. TIf, however, the vegetables were
cooked at 110-120°, the curative power was lost.

There is a great group of diseases—i. e., clinical com-
plexes—which seem to he due to qualitative changes—
the diet.  Beri-bery, scurvy, and rickets have already been
mentioned.  Goiter, pellagra, certain forms of neuritis,
and gout, are possibly other members of the group. Per-
haps certain of the anemias also are. In the case of beri-
beri it 1s interesting to recall that the complete removal
of the husks in the process of polishing the grains pro-
duces a grain which used as an exclusive article of diet
results in the disease. It has been noticed that the daily
use of milk has been reported as usetul in preventing pel-
lagra: that fruit acids and salts prevent the occurrence,
and hasten the cure of scurvy.

Scehaumann ecallx attention to the minute amount of
certain necessary substances in the diet. He says that
they are present in most articles ot diet hut are readily
removed and destroved. Rice and other ceveals lose
them by polishing, and they are destroved in other ar-
ticles of food by heating above a certain temperature, or
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by long cooking, sometimes by desiccation and by pick-
ling, by boiling in alkalin water, by moulds and even in
some cases, by the intestinal bacteria. The disturbances
following loss of these materials, he says, differ in differ-
ent organisms,  Herbivora develop scurvy; ommnivora,
scurvy and neuritis; and goats, monkeys, fowls and pig-
eons, multiple neuritis. The practical conclusions are
that the diet of man must comprise, beside the classical
protein, fat and carbohydrates, salts and water, these un-
isolated substances. The protein must he one which con-
tains tryptophan. As Oshorne and Mendel have shown,
a protein cannot he called a nutritive one if it lacks
tryptophan (gelatin, zein). Tryptophan, Mendel says,
is indispensable for life; lysine, for growth.
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CHAPTER VI.

DEGENERATION—PIGMENTATION
—CALCIFICATION.

Degeneration.

When we speak of degenerations we have reference to
a group of phenomena which characterize the presence
of abnormal amountx of normal substances, the presence
of normal substancex in abnormal physical conditions, or
the presence of abnormal substances within cells.

Fat ix a common constituent, and a normal one, of all
cell<.  In most cells it ix not visible even under the mi-
croscope,  Thix ix true, for example, of heart muscle cells
and kidney cells.  Tn some cells it ix commonly and nor-
mally visible, for example, in liver cells, and 1 the ordi-
nary fat cellx of the subeutaneous tissue. When fat ap-
pears i such a form or amount in kidney or heart cells,
so that it can he scen, we speak of fatty degeneration.
When it appears in the hiver cellx co that there seems to
he more than a normal amount of visible fat we speak
of fatty infiltration. Fatty degeneration then applies to
the occurrence of fat where no fat should be visible, and
fatty infiltration means an increase of fat where =ome
fat might he expected.  Ifal appears in cells and tissues
when the oxidations of the hody are not sufficient to hurn
it, which mav he the vesult of too great a supply of fat,
or it may he due to deficient activities of the cells.

There 1s a certain condition which we call eloudy sicell-
tig on account of the tfact that tissues =0 affected ave
swollen, and at the same time arve not ax clear, or trans-
Jueent ax theyv are under normal conditions, Such tis-
'—they resemble, in a

¥

sues have a **boiled appearance,’
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way, a piece of tissue which has been dropped into hot
water. Under the microscope the protoplasmi of such
tissues has a finely granular appearance, which is due to
the fact that certain of the proteins which compose pro-
toplasm have coagulated and appear as granules, solu-
ble in dilute acids, or alkalies, in the otherwise clear pro-
toplasm. From the fact that very small amounts of di-
Iute acids will produce cloudy swelling we may argue

Fig. 15.—Cell degencration. -2, Karvolysis: 47, Pyknosis. hyperchromatosis, and
karyorrhexis; 8-10, Karvorrhesis.  Cloudy swelling is present in all of these cells.
( Beattie and Dickson.)
that under certain conditions in the body acids accumu-
late, cause the protoplasm to take up water (swelling)
and, al the same time, cause some of the proteins to co-
agulate.

Like cloudy swelling, the appearance we call hyalin,
colloid, and amyloid, in cells and tissues, are also due to
abnormal statex of the proteins in the tissues.  Conneet-
Ive tissuex may appear hvaline (translucent) ; if it he also
viseid or glhuey, we speak of colloid; if it gives certain of
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the starch reactions we call it amyvloid. Tissues are said
to undergo hyalin, colloid, or amyloid degeneration when
they answer to these descriptions.

When cells or tissues die we speak of necrosis. Some-
times cells die as a whole, sometimes all the cells in a
tissue die, and sometimes only part of a cell dies. When
a group of cellx die leaving their ferments still active so
that the tissue is more or less softened or digested, we
speak of autolysis. Tt is autolysis which goes on in
pneumonia when the exudate of cells in the alveoli of the
lungs is-softened. It is autolysis which causes the cen-
tral part of an abscess to soften so it can be squeezed out.
Wlhen autolysis does not occur the imaterial from the
dead tissue may bhecome somewhat dry and granular like
cottage cheese. Then we speak of caseation. When a
whole part of the hody dies ax a whole—like a hand or
a leg, we speak of garngrene (hecause of the color) though
the process is still necrosis.  1If the gangrenous part be-
comes dry and munmified, hecause the moisture is evap-
orated from it, we speak of “*dry gangrene.”” If it re-
mains moixt, and becomes infected, we speak of “‘wet
gangrene.”” Death of hone is commonly called ““caries.””

There are other forms of degeneration which are as-
sociated with abnormal amounts of certain substances
within the cells. For instance we speak of mucoid degen-
eration and mean that more mucin ix present than should
normally be.  When tumors show a high degree of mu-
coid degeneration or infiltration we call them myxomas;
when, as in certain forms of disease such as those due
to interference with the thyroid gland, the counective
tissues, particularly the subcutaneous tissues, contain too
much mucin, we speak of myredema. In the one case
the mucin is of epithelial origin, in the other of connec-
tive tissue ovigin. Glycogenic degeneration occurs when
more than the usual amount of glveogen appears in cells;
soapy degeneration when soaps appear; and myelinic or
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lipoid degeneration when the lipoid or the myelins of the
nerves or central nervous system undergo retrogressive
transformations.

Pigmentation.

Under certain conditions foreign substances enter the
body, are taken up by the cells and held in the tissues
which are colored by reason of these substances. A per-
son who livex in a dirty atmosphere, one like that of a
large city, breathes into his lungs the small particles of
«arbon that are always present in the smoke which min-
gles with the air. These particles enter the lungs and
are taken up by the cells of the tissue, the phagoeytic
cells, which carry them sometinies to the neighboring lym-
phatic glands, sometimes only into the neighboring con-
nective tissue. The result of thix ix that the lungs be-
come permanently blackened by the insoluble carbon.
This condition is one of the conioses, or ““granule dis-
caxes,”” and is specially known as anflhracosis. In work-
ers in iron, particles of that metal take the place of the
carbon, and we speak of siderosis. Tn workers in clay,
particles of that substance enter the tissues and we have
silicosis or chalicosts.  Pigmentation with silver, from
overuse of silver salts, is called argyria, and pigmenta-
tion with lead occurs in plumbisni.

In another group of circumstances the pigmentation
is the result of exeessive production, hevond the possi-
bility of excretion from the hody of pigmented hodies
which stain the tissues.  Sometlimex the staining is due
to interference with the exeretory pathways, as in jaun-
dice of the ordinary ““yaller janders’ type. According
to the process such forms of pigmentation as melanosis
appear, due to the deposition of melanin in the skin.
The pigmentation of sunburn is due to localization of
melamin. . The color of freckles alko ix due to melanin.
Generalized jaundice we speak of as icterus; jaundice
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due to breaking up of the hlood pigment is hematogenous
jaundice.

Calcification.

(‘aleification under pathologie conditions is analogous
to that which occeurs under normal conditions, for in-
stance in the caleification of membranes to form the flat
bonex of the =<kull.

When tissues die (undergo necroxis) several things
may happen. The dead tissue may hecome liquefied and
he removed or it may be replaced by fluid which remains
ax a ex=t.  The dead tissue may hecome infeceted by hae-
teria and an abscess results, or in the dead tissue lime
salts may be deposited. This 1x what happens very fre-
quently in tubereulous lesions, in various organs, espe-
cially in the Ivmph glandx and in the lungs. Such areas
are caleified.  Sometimes dead hones are completely or-
gamzed and gears are formed, and sometimes the sear tis-
sue becomes caleified. Sometimes  as organization of
dead tissue goes on, caleification accompanies it, and the
procexs goex on in =uch a faxhion that hone is formed, and
then we speak of ossification.
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CHAPTER VIIL
INFLAMMATION.

Every one knows something about inflammation. 19v-
ery one knows, for instance, that a conjunctiva that is in-
tensely congested, that isx painful, that produces a more
or lesx xerous discharge, is inflamed. Fvery one knows
that a “*bhoil,”” otherwise teehnically known ax a furun-
cle, is the seat of a localized inflammatory process, and
when one knows this he ix immediately aware of the car-
dinal symptoms of inflammation, which Celsus, perhaps,
first wrote down for others to read, namely, heat, red-
ness, pain and siwelling—calor, rubor, dolor and tumor.
One ix alzo aware that, because these four cardinal symp-
toms are present, something must be wrong with the parts
of the affected tissuex.  With normal blood vessels there
should not be this inerease ol redness and of heat.  With
normal tissues and normal processex there should he no
pain and swelling.  Something else is wrong.  The fune-
tion of the parts is abnormal.  And so a fifth svmptom
has been added to those of Celsue, namely, disturbance
of function—lunctio lasa.

Inflammation ix a process hy which the hody reacts to
injury. It ix best dexeribed by Cohinheim in the follow-
ing paragraphs.

“1f you withdraw a loop in intestine from the abdomen
of a rabbit and expose it to the air, it, together with the
vessels, ultimately perishes, hut death is far from instan-
taneons—rather a comparatively long interval must
elapse before this point ix reached, and during it the dis-
organization of the tissuex and vessels progresses little
by little till they finally die. Tf vou cut off the civeulat-

83



&4 FUNDAMENTALS OF PATHOLOGY

img blood from a part and itz vessels, necrosis =ets in, hut
here again. as vou know., a very considerable period
passes during which the tissues, in =pecie the veszel walls,
become gradually dizorganized. At a temperature of
from 367 to 35 C. the Iif'e and tanetion of the blood ves-
selx are recular and normal. at one of =ayv 60° C. they are
certainly destroved. Now, 1l vou expose a vazcular part
to a temperature somewhere hetween these extremes,
though it doex not die, the heat 1= not without its effeet
on the constitution ol the vessel wallz,  Lastly. in order

a

to kil a part with its vesscls by the action of sulphurie
acid, the latter must have a certain concentration: a
weaker zolution 1=, however, far from innocuous, although
it does not instantaneonsly destroy the vitality ol the ves-
gel wallz. These examples will, T think, explain the drift
of my thonghts, for they show that alterations in the con-
stitntion of the vessel walls, for which the tevin meoleenlar
just now appears to be the most suitable designation, are
called forth by a munber ot influences ot the most ditfer-
ent kinds.  But it =ucli alterations occur we are justitied



INFLAMMATION 85
in asking, What effect have they upon the ecirculation?
“Yet however natural this question, it ix impossible to
answer it a priori; the direet observation of appropriate
casex is necessary, and it will be best, with this end in
view, to have recourse 1o express experiment. This may
be carried out without any difficulty.  You need only ex-
pose the vexsels of a part to the air by removing its pro-
tective coverings, when, if vou have selected a transpar-
ent tissue, there is nothing to hinder microscopic obser-
vation. The simplest method ix to draw out the intestine
of a curarized frog through a laterally placed opening
in the abdominal wall, and to bring the mesentery under
the microscope, after having carefully spread it out on a
slide adapted to the purpose.”. . . ““The first thing
vou notice in the exposed vessels 18 a dilatation which
oceurs chiefly in the arteries, then in the veins, and least
of all in the capillaries. With the dilatation which ix grad-
ually developed, but whieli, during the space of fifteen to
twenty minutes, has usnally attained considerable propor-
tions (often exceeding twice the original diameter) there
immediately sets in in the mesentery an acceleration of
the blood stream, most striking again in the arteries,
but very apparent in the veins and capillaries alzo.  Yet
this acceleration never lasts long; after half an hour or
an hour, or sometimes after a shorter or longer interval,
it invariably gives place to a decided retardation, the ve-
locity of the stream falling more or less below the normal
standard, and <o continuing as long as the vessels occupy
their exposed poxition.  Suclt is the course of events in
the mesentery experiment, in which not only the vessels
of the mesentery, but their terminal ramifications in the
intestine, are laid bare. In the wound of the (frog’s)
tongue, on the other hand, the acceleration ix often alto-
cether absent; and from the first there is associated with
the dilatation a retardation of the stream, which inereases
ax the dilatation inereases.
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“Thix stage having been reached, the vessels are seen
to be all of them very wide; a multitude of capillaries
which, even formerly, were hardly perceptible, can now
be clearly distinguished; pulsation is usually conspicuous
on into the finest ramifications of the arteriex; while the
flow ix everywhere slower than normal, <o that the indi-
vidual corpusclex may casily be recognized not only in
the capillaries, hut also in the veins, and during diastole
in the arteries.  In consequence of the tardy, forward
movement the corpuscles accumulate in large numbers in
the capillaries, =o that the latter appear redder than us-
ual, and therefore fuller, more voluminous; vet their
croxs xection, ax just stated, ix only very inconsiderably
enlarged.  But it is the veins rather than the capillaries
that attract the notice of the observer; for slowly and
cradually there ix developed i them an extremely char-
acteristic condition; the originally plasmatic zone he-
comes filled with inmumerable colorless corpuscles. The
plasmatic zone of the veins, vou will remember, is always
occupied by scattered colovless blood corpuscles which,
owing to their globular form and low xpecific gravity,
are driven into the periphery of the stream, and whose
adhesiveness makes it difficult for them to excape from
the wall once they have come into contact with it. Tt is
obvioux that thix difficulty will be enhanced in proportion
to the slowness of the blood stream; and thus it is not
surprixing that a gradual accumulation of large numbers
of colorless corpusclex should take place in the peripheral
zone, and here come to he comparatively motionless.,  Ifor
“hat a state of absolute rest, an actual standstill is out of
the question, I need hardly mention expressiyv; the color-
less cells of the plasmatic layer remain stationary at most
for a time, they then advance a little, and perhaps make
another short halt, and =0 on. Yet thisx doex not lessen
the striking contrast presented by the eentral column of
red blood corpusecles, flowing on in an uninterrupted
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stream of uniform veloeity, and the peripheral layer of
resting colorless cells; the internal surface of the vein ap-
pears paved with a single but unbroken layer of colorless
corpuxcles without the interposition at any time of a sin-
gle red one. It ix the separation of the white from the
red corpusclex that gives the venous stream in these cases
that characteristic appearance, anvthing analogous 1o
which you will look for in vain in the other vessels.  For
it the capillaries, although large numbers of colorless
blood corpuseles adhere to the walls, there ix alwayvs an
admixture of red cells, or rather these are very decidedly
in the majority.  Lastly, in the arteries there 1= seen dur-
ing diastole, almost at the moment of exit of the wave, a
number of colorlesz hlood corpuscles rolling straight to-
wards the periphery; vet these are alwavs swept into the
stream at the next svxtole, =0 that the development of a
rexting peripheral layver ix here altogether out of the
question.

“But the eve of the obzerver hardly hax time to cateh
all the details of the picture hefore it ix fetteved by a very
unexpected oceurrence, Usually it ix a vein with the
typical peripheral arrangenment of the white corpuscles,
but xometimes a capillary, that first displays the phenom-
ena. .\ pointed projection ix =een in the external con-
tour of the vessel wall; it pushex itscll further outwards,
inereasex in thickness; and the pointed projection is trans-
formed into a colortess rounded hump; this grows longer
and thicker, throws out fresh points, and gradually with-
draws itzell” from the vessel wall, with which at last it
is connected only hy a long thin pedicle.  Finally, this
alxo detaches itself, and now there liex outside the ves-
sel a colorlexs; faintly ghttering, contractile corpuscle
with a few short processes, and one long one, of the xize
of a white blood cell, and having one or more nuclei; in
a word, a colorless blood corpuscle. While this 1s taking
place at one spot, the same process has heen carvied on
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Ir other portions of the vells and capilaries. Quite a
Jarge 1oueier of white blood eells Lave hetaken them-
selves to the exterior of the vessels, wnd these are con-
stantiy Tollowed by fresi onel Whose plaee i the periph-
ergl layver i~ iuocediatelv oceupled byoothers, Like
every stage of the entive process o1 o the tine of ex-
posure. these plenonena 1ay develop eitier rapldly or
lowive at one tinee the carliest erioration very quickly
sticceeds the paverenting: at avotlher, @ Lour or more
ILa)y pass without anvthine Lappenine to draw the at-
tention to the contour of a singie velnr or capillary. In
any ca~e the fital result. after s<ix or eizht or wore hours
have elapsed, will he the enclosure of all the velns, small
and large, of the 1Lesentery or wourd of the toneue with
several lavers of colorless blood corpuseles, Tlese fence
in the velus, in the interior of whicli the previously de-
seribed conditions continue, naiely, the peripheral ar-
ruLgelnent of the eolorless cells and the central nnbroken
flow of red blood corpuseles. Nothine analozous has oe-
curred 1 connection with the arteries, their contour has
retnailied s1ooth a~ hefore, nor can a solitary corpuscle,
red or white, he discovered on thelr outer smrtaces, ex-
cept. of course, such as may have reaclied them from the
neighboring veinz.  On the other hand. the capillaries
take, us already mentioned. a very active part in the pro-
cess: vet these and the capillary veins ditfer remarkedly
from the veins proper in that not werely colorless, bhut
red corpuseles emigrate from them.  This result ix com-
pletely i Larmony with the condition of the stream in
these vessels, for I have already called your attention to
the fact that in the veins only white corpuscles, in the
capillaries hoth varieties, are in contact with the vessel
wall, 20 that whether a preponderance ot white or of red
corpuscles pas=ex out ot a given capillary depends =olely
on the munerical relations ot the cells accumnulated in
it~ interior,
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““Keeping pace with this exodus, emigration, or, as it
18 also called, extravasation of corpuscular elements,
there occurs an increaxed transudation of fluid, in conse-
quence of which the meshes of the mesentery, or the tis-
sues of the tongue, are infiltrated and swell.  But this is
not all.  The extravasated colorless corpuscles distribute
themselves, in proportion as their numbers increase, over
a larger area, forsaking the neighborhood of the vessels
from which they are derived. The tissues hecome more
and more densely packed with them, while the red cells,
which have not the power of independent locomotion, re-
main seated in the vicinity of their capillaries; vet these
alto may be carried off by the stream of transudation.
Soon a moment must arrive when the produets of exuda-
tion and transudation ean no longer he acecommodated in
the tissues. They now gain the free surface of the
mesentery, and should the transuded fluid coagulate, as
is the rule here, the final result of the process just de-
seribed will be the deposition on the mesentery, as well
ax on the intestine, of a fibrinoux pseudo-membrane,
ilen&oly packed with colorless blood corpuscles, and in-
terspersed with ixolated red cells.”’

Inflammation then ix a process characterized chiefly
by vascular changes.  Tts chief phenomena are vascular
dilatation, slowing of the blood stream, perivascular
edema, emigration and diapedesiz.  In xituations where
the blood vessels are absent, ax in the cornea, the essen-
tial phenomenon ix leucoeytic migration. In either case
the tendeney ix to healing or repair of the lesion.

Very many inflammations are the result of infection
with bacteria (septic inflammations). In these the pro-
cess ix generally the same so far as the fundamental {is-
sue and vascular changex are concerned. The following
description is taken from Adami’s book on “‘Inflamma-
tion,”’
read. TIn it he summarizes the obzervations of Hohnfeldt

a hook which every student will be interested to
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on abscess development through the agency of staphy-
lococcus pyogenes aureus: ““lle inoculated small quan-
tities of pure cultures of the microbe subcutaneously into
rabbits.  Four hours after inoculation the vessels of the
region were found densely filled with corpuscles, and in
them a commencing margination of the white corpuscles
was digeernible.  Leucoeyvtes were present within the tis-

Fig. 17.- A scction of an arca in the liver which is the seat of a tuberculous
process.  In this inztance the infection is in the tissue about a bile vessel. Note the
giant ceil.

sue in numbers greater than normal; although compared
with later stages they were infrequent. They were of
two kinds—the mononuclear in the majority, the poly-
morphonuclear in lexzer numbers; hoth forms were con-
gregated mainly around the line of entrance of the in-
jeeting needle.  Many of the connective tissue cells were
<0 swollen as to be rounded rather than flattened. The
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mjeeted coced, Iving in the lymph-spaces, were scattered
through the tissue; in part free, in part already ingested
hy cells, not only by the leucocevtes, hut also hy the con-
nective tissue cells; the number within leucoextes heing
not inconsiderable.  Preparations made at the end of ten
hours showed the same conditions, but more distinetly.
There was ample evidence of migration of the leucocevtes;

Fig. 18.—A photograph of granulation about an area of chronic tubereulosis.  This
lustrates well why such arcas have been called granulomas,

margination in the congested vessels, various stages of
passage through the vaxcular walls, and large collections
of cells in the perivascular Ivinph spacex; from these they
spread into the spaces hetween the bundles of connective
tissue fibrils. The cocei lay in the lyvmph spaces in in-
creased numbers, and the massing of leucocytex corre-
sponded in position to the accumulation of microhes. In
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these regions the leucoeytes were mainly polymorphonu-
clear, but in the boundary zone away from the cocei the
mononuclear form predominated. At the end of twenty
hours there was further accentuation of these condi-
tions.  As vet an abscess proper had not heen formed,
but there were enormous numbers of leucoevtes and also
of micrococei; the fibrillwe of connective tissue were widely
separated by the collections of leucoevtes, which elus-

Fig. 19.- ~Acute catarrhal colitis.  The epithelium of the tubular glands, especially
near their mouths, is forming an cxcessive amount of mucus with destruction and ex-
foliation of the cells.  The tubules are dilated with mucus which covers the surface.
The mucosa at the right is necrotic and forms the edge of an ulcerated area. (Dela-
field and Prudden.)

tered round and hid the connective tissue celis. With the
completion of forty-eight hours a well-defined abseess had
formed, separated sharply from the surrounding healthy
tixsue. The center of the abscess was seen to consist of
densely packed leucocyvtex mingled with large growths of
cocel. These leucocevtes were almost entirely polymor-
phonuclear; and in thix central area the nuclei of some
showed fragmentation.  (Such a matrix constitutes pus.)
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Neither leucoceytes nor connective tissue cells showed the
slightest indication of mitosis. In the central area all
traces of the previous capillaries had disappeared; in the
peripheral zone they were easily recognized, being fully
injected; and showing a marginal dixpoxition of their leu-
cocytes; many of which could be geen (in osmie acid prep-
arations) fixed in the process of migration. The major-

Fig. 20.  An abscess of the liver.  The central part is mnnpusc(_] of leucocytes, some
of them apparently living and some of them dead.  There are fragmented cells and
parts of cells Iving in the more fluid portion of the mass.  This whole central arca 1s
what is known as pus. About the abscess the Hyer tissue is compressed and infiltrated
with leucoeytes, some of them on their way into the abscess to act as scavengers
(phigoeytes), some of them on their way out of the abscess carrying off dead material.

iy of the cocet lay in these leucoevtes.  Kven where the
colonies of the microbes were thickest, there the majority
were infracellular.  Passing toward the periphery the
number of cocei became smaller and =maller. A\t the
periphery they could be xeen not only to be intracellular,
but also free in the lvimph spaces; and Hohnfeldt, with
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other observers, saw them definitely grouped within the
endothelial cells of the periplieral vessels. Thus it may
he noted that, at this stage, the proliferating miecrobes
extended into the healthy tizsues outside the ahscess. In
the center of the abscess the original tissue had wholly
disappeared; nearer the periphery light streaks and bun-
dlex of the disintegrating fibrille could he recognized
between the leucoceyvtes.  Not until the tenth day did new
growth of tissue begin to show itself. During the preced-
ing <ix days there had been mere hreaking down of the
polvimorphonuclear cells, characterized by fragmentation
of the nuclei and by fatty degeneration of the cell «ub-
stance.  But by the tenth dayv the periphery had begun
to assume the appearance of granulation tissue; it con-
tained numerous capillariex and new-formed connective
tissue with characteristic epithelioid cells or fihroblasts
possessing larger, oval, pale-staining nuclei. In these
colls, ax in the connective tissue cells of the surrounding
tixsue, the numerous steps of indireet cell division could
be made out.  In this granulation tissue cocel were ab-
sent and leucoevtes were infrequent.”’

Such. ix the typical picture of abscess formation and
the progress up to the commencement of healing. The
fact should he mentioned here that, at almost any stage
of thix process; the bacteria may enter the hlood stream
and he distributed to the rest of the body.  Then one of
two thing= may happen; either the bacteria may prolif-
erate exclusively in the blood and overwhelm the infected
organi=m, a condition which we know ax septicenia, or
they mayv become located in other organs or tissues and
there proliferate and produce other secondary or meta-
static abscesses, a condition known as septicopyemia. It
ix alxo possible that the bacteria without of necessity en-
tering the blood stream spread in an apparently unhin-
dered and unlocalized way in the tissues, and =0 produce
a diffuse reaction (cellulitis: phlegnon).
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Repair and Regeneration.

It, as the result of a trawma only a few cells are dam-
aged (as illustrated in the lesion produced by a sharp
knife or a pin prick), and the edges of the wound remain
in apposition or very close together, liealing takes place
very rapidly.  There 1x little dead material to be re-
moved, and a few phagoevtes can do the necessary work
quickly. The hlood or serum which ix present helow the

Fig. 21.—An appendix vermiformis which has been the seat of an inflammatory
process.  The lumen of the appendix has been filled with an exudate which instead
of being absorbed has been organized.  (Delatield and Prudden.)

edgex of the wound coagulatex and glues them together
and the fibrin formed during coagulation forms a network
upon which the cells for cither side can be supported
in their growth. The vesult isx that the capillary loops
send thenr gprouts across the wound: the fibroblasts, few
m number, grow with the capillavies and form a perma-
nent binding of the tissue. At the =ame time the epithe-
lium of the surface grows across the wound and covers it.
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At the end of a few days the healing is complete and
strong. This we call “*healing by first intention,”” and
it ix what the surgeon strives for in approximating the
edges of the wounds he makes with his sharp instruments.
Tearing of tissuex tends to destroy more cells and delay
healing.

In healing by second intention or healing by granula-
tion one of two things has happened: either the space to
be filled with tissue is too wide for rapid filling with liv-
ing cells, or infection hax occurrved. If a wound is filled
with sterile blood elot, healing will occur especially by
means of organization of the blood clot; if the wound or
the blood clot ix infected (stiteh abseesses for instance)
then the process of healing ix analogous to that already
desceribed in the formation and healing of ahscesses.
Such healing results in the formation of much fibrous tis-
sue, which tends to produce a scar and scar tissue, espe-
cially when it replaces musele, and tends to streteh.

IFibrous tissue is the tissue with which all other tissues
are apt to be replaced if healing ix not rapid. Many tis-
sues do not regenerate save only very slowly. Fibrous
tissue grows rapidly and hence tends to replace the ““no-
bler’” tissues.  The more highly developed a tissue is the
lexs power it has of regeneration.  Complex tissues never
undergo complete regeneration.  The nearest approach to
it is seen in per primam healing.

In healing of wounds in bone the process ix muech the
same ax in other situations. It ix only modified by the fact
that the fibroblasts play a role whieh ix supplemented
hy osteoblaxts, which are merely modified fibroblasts.
After a fracture there ix a certain amount of hemorrhage
which fills in the spaces hetween and around the broken
ends of the honex.  Associated with this there is exuda-
tion ol cellx and =erum.  Soon the blood clot which is
formed hegins to organize and the whole mass forms
what iz known ax the callus. Thix callus is finally, in
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part, replaced by osteoblastie tissue, and finally by hone,
and is In part absorbed. Sometimes it is not replaced,
but remains fibrous and then we speak of “‘fibrous union
of bones.””  This is what is apt to happen in old persons,
in persons whose hones are not well ““xet’ or approxi-
mated, and in those in whom the honesx are not kept sol-
idly in place during healing.

Types of Inflammation.

Inflammations are classified according to the time dur-
ing which they have existed, or according to the morpho-
logic characters of the exudates. For instance they are
alled acute if they appear and develop within a very
short time or last hut a short time ; they are called chronie
if they develop slowly or last a long time.  One remem-
hers the acute coryvzax which appear almost in a minute,
laxt a few dayvs and disappear, or the acute tonsillitis
which acts in the same way. .\ hoil ix an acute inflam-
mation. One also remembers the “*ceolds’ {that last all
winter; the bronehitis of old people, which lasts for yvears
ax ix shown by the ***chronie¢™ cough, and the pulmonary
tuberculosix with which some individuals Tive for vears.
On the other hand one recalls the terms ““membranous
croup’” (which we now know is diphtheria), which re-
ferred to the membrane found in the larynx. A mem-
brane is an exudate formed almost purely of fibrin, with
sometimes a few leucoevtes.  An abseess ix a purulent
form of inflammation, for purulent refers to pus. .\ sc-
rous inflammation is characterized by the predominance
of serum; a hemorrhagic inflammation, by the presence of
numbers of blood eellx. A catarrhal inflammation ix one
whose exudate containz mueh mucus (a mucous inflamma-
tion). Also there are gerofibrinous inflammations; sero-
purulent; fibropurulent, and other inflammations,—terms
which explain themselves.  Suppuration ix a term which
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means the same thing ax purulent. Any of these forms
of inflammationz may be acute or chronie.

An abscess ix a localized purulent inflammation in a
tiszue.  An uleer ix a localized purulent inflammation
upon a surface. A xinux is a localized inflammatory tract
connecting two surfaces.

The types of mllammation depend upon the nature of
the tissue affected; upon the nature of the irritant; and
upon the intensity and duration of the irritant action.
[For instance, the =kin of the hands ix less eaxily affected
hy heat and cold than the <kin of the body. Dilute car-
bolie acid placed upon the surface of the hody doex no
damage, while strong carbolic acid will produce local
death of cells. Teat of great intensity will do no dam-
age it be applied momentarily to the <kin, hut if a mod-
erately ot objeet he left in contact with the <kin for a
certain length of time it may produce a burn. Under
certain conditions a hot water hottle placed upon a pa-
tient will burn, while under other conditions of health
and resistance it would do no damage.  So, there enters
into the question the problem of individual resistance.
It ix thix relationship that accounts for the fact that cer-
tain hacteria produce no effects i one person and disease
i another.
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CHAPTER VIIL

TUMORS.

In the old sense of the word the expression tumor was
applied to swellings of any =ort (hematoma, tuberculoma,
svphiloma). Usage in that sense 1= no longer proper and
now the word ix applied to certain types of hyperplastie
tissue growths, which are more or less autonomous. The
term neoplasm ix still hetter, because it ix a more concixe

Fig. 22, -An epithelioma of the hand.

one and implies, through usage, independence and hy-
perplasia.

L\ tumor proper,”” savs C. . White, s a mass of
cells, tissues, or organs resembling those normally pres-
ent, hut arranged atvpically, It grows at the expense
ol the organism without at the =ame time subzerving any
useful function,™

The ordinary tumors which are seen in the wards of
hospitals belong to a group known as the blastomas.
They are dervived from but a single tissue in cach instance
and according to the tissue from which they originate
their names arize.  For instance a tumor growing from
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epithelium is called an epithelioma; from fibrous tissue

fibroma; from bone, an osteoma, ete. There are also a

<

certain group of tumors which arige from more than one
tissue and these are the teratohlastomas or ordinary

Fig. 23.—Squamous papilloma, showing thickened skin epithelium, covering a branching
vascular connective tissue core.  (x38.}

mixed tumors which are frequently encountered in the
parotid region of the body.

Depending upon the course which the growth of a
tumor takes we speak of henign and malignant neoplasnis.
The former is one which is not incompatible with health;
the latter is a menace to existence.

The following table will indicate the commoner termi-
nology as well as the origin of the tumors:
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Epithelum (skin)

Epithelinm  (glands)
Mammary gland
Epithelium  of

ete,

Connective tissue
Fibrous tissue
Iatty tissue
Bone tissue
Cartilage

Musele

Nervous svstem
Neuroglia

Endothelium
Blood vessels

intes-
tine, liver, pancreas,

FUNDAMEXNTALS OF
BLNIGN

Benign epithelioma

I Papilloma
| comms)
" Adenoma

(warts,

Adenoma

 Papilloma: Polyps.

. Fibroma
Lipoma

I Osteama
Chandroma
Myoma

|
Glioma
" Endothelioma

| Angioma

PATHOLOGY

MALIGNANT

Epithelioma; (Skin
cancers)

Carcinoma (Adenocar-
cinoma)

Carcinoma  (\Adenocar-
¢inoma)

Carcinoma

Sarcoma
Fibrosarcoma
Liposarcoma
Osteosarcomi
Chondrosarcoma
Myosarcoma

Gliosarcomna

FEndothelioma

Angiosarcoma

The main differences hetween henign and malignant
tumors ix shown in the following table:

Slow vrowing

BENIGN,

Circumseribed (Encapsulated)

Do not metastasize

Do not interfere with health

Rajidly growing

Metastasize

MALIGNANT,

Not encapsulated (infiltrating)

Produce evident interference with

other

health by pressure  upon
A 1

organs. by producing  anemia,

cachexia, ete,

Sarcomas are more frequent in voung individuals,

Carcinomas are more frequent in older individuals.

Tumors are apt to be mos=t Irequent at places in the
hody where there is continued irritation. Suel irritation
may be due to hacteria, to toxing, to other chemieal irri-
tants, or to mechantcal influences, Just why tumors
start to grow no one knows.
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Fig. 2o, Epithehioma of the lip,

Fig, —Adenocarcinoma of the cervix uteri. Almosg the entive tichkd is made up
of the n otrunks ¢ and b, which send off many branches, ¢ and ', ¢ indicates
cross scettons of terminal outgrowths.  The stroma ¢ consists of elongate celis with
~pindle ~haped nuclei. Covering the outer surfaces of the main and terminal branches
are lavers of epithelium. a single layer at ¢, several at e, (Cullen.
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Fig. 28— Sarcoma.
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Fig. 29. Fig.
Figs, 29 and 30, --Sarcoma.

30,
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Tumors spread in two ways by infiltration, i. e., by di-
rect growth into other tissues, which are destroyed; and
by metastasis either by the lymphatic vessels or the blood
vessels. Sarcomas are more apt to follow the blood ves-
sels; careinomas to follow the lymphaties.

No one knows what the cause of tumors is, and there-
fore no one knows how to prevent them, or in many cases,

Fig. 32.—Small polyp of
the mucous membranc of the
small  intestine, ( Delatield
and Prudden.)

Fig. 31.—Fibrolipoma.

to cure them. All that is certain, therefore, ix that the
most certain cure ix to remove them completely.  With
benign tumors this is usually easy.  With malignant ones
it becomes inereasingly difficult, the longer the tumor has
been allowed to persixt, though it is true that in a few
instances spontaneous healing has occurred. There is
some hope at the present time that x-rays and radium
emanations may have a heneficial influence in the treat-
ment of tumors.
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FFig, 34.-—=Schematic representation of the varicties of cancer which may arise from
glandular epithclium.  (After Deattic and Dickson.)

A, Transverse scetion of Normal Gland Acinus consisting of rvegular epithelium
upon a basement membrane, surrounded by a connective tissue stroma containing
nutrient vessels. This may give rise to any of the following types of new growth.

K. Malignant Adenoma, with drregularity in shape of acini, the Tumen of which
persists.  Absence of basement membrane.  Trritation giving rise to proliferative over-
growth, ete., of stroma.

. Scirrbus or Ilard Cancer, in which solid clumps of ccells are formed, and give
rise to dense fibrous tissuc overgrowth.

. cephaloid or Soft Cancer. which may arise directly. or may supervene upon
the harder variety, the two resembling one another in being composced of solid clumps
of cclls.

5. Coiloid Cancer, which may arise divectly from the normal gland type, or may
supervene upon any of the other forms,
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PART II—-SYSTEMIC PATHOLOGY

CHAPTER IX.
THIE CARDIOVASCULAR SYNTIKAL

The Blood.

Normally the hody contains a certain average amount
of blood, including certain fairly definite properties of
fluid (plasma), and the cells (red cells, leucoevtes and
platelets).  In disease these proportions vary. \ccord-
ing to the type ol variation we speak of general hivper-
emia or general anemia.  Also under normal cireum-
stances the distribution of the blood in the hody remains
constant.  In disease the distribution varies and we
speak of local hyperemia or local anemia, as the case
may he.

Depending upon the constituent of the blood which is
increased, there are certain terms in use.  For instance,
a general inerease in the total blood ix spoken of ax
plethora; increase of the fluid constituents, as hydremia;
ol the red elements, as polvevthemia s of the leucoeytes, as
leukemia.  The term anemia covers a large field but
moxt frequently has reference to diminuation of the hemo-
cloblin concentration of the blood. Deerease of the
leucoevtes ix called leucopenia.  Total deerease of hlood
we call oligemiag of fluids only, anhyvdremia.

Hyperemia.

[Typeremia may be, ax we have indicated, general or
local, arterial or venous.  Normally there is in the human
hody abont one-twentieth its weight of hlood. T infants

100
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there is more, in old persons less.  This weight or volume
of blood can be inereased temporarily by injecting fluids
into the body, particularly by the intravenous route, but
the fluid <o injected, unless it he held hy a colloid, ax, for
instance, gelatine, is very rapidly elimiated. Neverthe-
less under certain abnormal cireumstances the whole vol-
ume of blood mereases, or 1 other cases one of its con-
stituents becomes augmented.  Plethora is uniformly
associated with either polyeythemia or with one or an-
other type of anemia.

In Jocal hyperemiax, however, things are different.
When the hyperemia (or eongestion) is the resull of ar-
{erial activity, when it ix produced hy the presence of ar-
terial blood, we speak of active congestion; when it re-
sults from decreased draimage of the bhlood through the
venous channels, we call it passive congestion.  When for
any reason the arteries or arterioles are dilated, whether
by nervous impulses, or hy chemical causes, more arterial
blood rushes into the affected part. Thix we call arterial
(or active) hyperemia, or congestion. 1f, on the other
hand, without any participation on the part ol the arter-
iex, blood is prevented from leaving an organ, we call it
venous (or passive) hyperemia or congestion.  \etive
(arterial) hyperemia is the cause of the very well known
blush or flusli. 1t ix alxo the phenomenon which accounts
for the increase of hlood in a functionally active organ,
like a musele, or the <tomach. 11 1x the cause of the red-
nesx that appears during inflammation.  Passive conges-
tion, on the other hand, results from increaxed venous
pressure and may be cause by blocking of a vein from
within or from without.  When the heart ix =0 damaged
that hlood ix prevented from entering it at a normal rate
hecause of diseaxe of the tricuspid valve, the liver he-
comes the seat ol a passive congestion. When the mitral
valve ix damaged <o that the blood coming rom the Tungs
cannot pass through it rapidly enough, the Tungs hecome
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congested. Air in the pleural cavity, or tumor growths,
may produce the same effects, and very similar ones fol-
low the accumulation of large amounts of fluid in the
pericardial cavity.

The arterial hyperemias are as a rule transient ones,
and are in physiologic circumstances associated with
transient increase of function. When a muscle is exer-
cized, more blood is carried to it, and with the blood more
food. TFunetional activity and increased food lead to
growth. The venous hyperemias, on the contrary, tend
to be more permanent—chronie¢, we call them, and these
chronie passive congestions lead to the opposite changes
to thoxe which follow arterial hyperemias. The dam-
ming back of venous blood prevents the arterial hlood
reaching the parts.  The venous hlood, which is poor in
oxvgen and other foods, accumulates and the funetional
cells of the affected tissue tend to undergo atrophy, while
the fibrous tissue becomes richer. In the liver, for in-
stance, the cells affected by the passive congestion do not
receive oxygen enough and commence to degenerate.
More than a normal amount of fat appears in them; they
shrivel, become atrophic and disappear. At the same
time the fibrous tissue is accentuated by loss of liver cells
and also undergoes increase and the organ becomes
fibrous-cirrhotic.  And also bhecause the venous blood
(some of it) cannot get out of the tissue, the blood cells
die, the pigment is set free and stains the tissue. The
gross result is that the liver takes on an appearance that
resecmblex the cut surface of a nutmeg and the organ is
known as the nutmeg liver. Much the same thing hap-
pens in the lungs.  They become fibrous—indurated, and
pigmented, but some of the pigment and some of the
blood passes into the air spaces and 1s coughed up. When
free blood is present the sputun is tinged with red; when
only pigment is present, the sputum is ““rusty.”’
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Anemia.

Anerniad like hvperemia, may he general or local.  Gen-
eral anciia may he cansed by large single losses of blood
as from large hemorrhages, or by many small losses.  Se-
vere orades of ancinia mway he caused by the small fre-
quent hemorrhazes frow hemorrhoids, More frequently,
however, severe anemia is the result of intoxication with
~ub=tances which cause destruction ot the red blood cells.
The so-called pernicions anemias, or primary anemias,
are alirost certainly of infectious origin. although there
i the possibilitv that <ome forms may he the result of
wearing out of the blood forming tissue ot the body.
The primary ancmizs are those whose causes we have
not discoverced.  The sccondary anemias are those the
canses of which are known.

Local anemias are as a rale the result of interference
with the hlood flow.  Nuelinterference may take place
within the vessels or by pressure from without. One of
the hest examples i~ a bed sore which is the direct effect
ol extravascular pressure.  When the blood supply of a
part is ent oft. that part dies. In the caze of the bed sore
(decnbitus) the area is usually cireular. and corresponds
to the pressure. In the case of gangrene of a leg pro-
dueed as a rule by imtravascular disturbances, all the tis-
~ues. whose hlood supply 1= cut off, die.

Sometimes it happens that the blood supply of a part
i~ interruyp ted for hut a <hort time.  In most instances
onlyv temporary effeets are produced.  In other caxes the
interference is permanent but hecause ol collateral path-
wavs blood =<till reachies the part in =ufficient amounts to
prevent death or necrosis. A= time 2goex on these collat-
crals become more and more s